ts in the Environment 10

tal and Industrial Health

9-2029

iment, edited by J.P. Vernet

the Environment, edited by

ind Treatment of Water and
1 H. Al-Ekabi

tribution -and Effects in the
Aarkert and K. Friese

ionuclides in the Baltic Sea
fer )

ors: Principles, Concepts and
. Markert, A.M. Breure and

>ermeable Reactive Barriers,
goyes, F.-G. Simon and

Human Health,

water Environment, edited by
erjee, |. Bundschuh,
Yeppert

Trace Metals and other Contaminants in the Environment 10

Lead and Public Health

Science, Risk and Regulation

Paul Mushak

SE AMSTERDAM » BOSTON  HEIDELBERG o LONDON « NEW YORK » OXFORD
VIER PARIS » SAN DIEGO » SAN FRANCISCO » SINGAPORE » SYDNEY » TOKYO




Elsevier
Radarweg 29, PO Box 211, 1000 AE Amsterdam, The Netherlands
The Boulevard, Langford Lane, Kidlington, Oxford, OX5 iGB, UK

Copyright @ 2011 Elsevier B.V. Al rights reserved

No part of this publication may be reproduced, stored in a retrieval system or
transmitied in any form or by any medns electronic, mechanical, photocopying,
recording or otherwise without the prior written permission of the publisher

Permissions may be sought directly from Elsevier's Science & Technology Rights
Department in Oxford, UK: phone (+44) (0) 1865 843830; fax {(+44) (0) 1865
£53333: email: permissions @elsevier.com. Alternatively you can submit your request
online by visiting the Elsevier website at http://eisev&cr.comﬂocate/pennissions, and
selecting Obtaining permission to use Elsevier material

Notice No responsibility is assumed by the publisher for any injury and/or damage to
persons or propetty as a matter of products liability, negligence or otherwise, or from
any use or operation of any methods, products, instructions or jdeas contained in the

material herein

British Library Cataleguing-in-Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress

ISBN: 978-0-444-51554-4
ISSN: 1875-1121

For information on all Elsevier publications
visit our website at elsevierdirect.com

Printed and bound in Great Britain
11121314 10987654321

Working together to grow
libraries in developing countries

www.elsevier.com | www.bookaid.org | www.sabre.org

International:y




The Netherlands
, OX5 1GB, UK

ed in a retrieval system or
., mechanical, photocopying,
rmission of the publisher

s Science & Technology Rights
843830; fax {+44) (0) 1865

tively you can submit your request
-vier.com/locate/pernissions, and
erial

er for any injury and/or damage to
v, negligence or otherwise, or from
tructions or ideas contained in the

0
the British Library

Data
e Library of Congress

OW
ntries

rw.sabre.org

< Contentsvﬁ.

Acknowledgments

Part 1
Lead in the Human Environment

1.

2.

Introduction

A Brief Early History of Lead as an Evolving
Global Pollutant and Toxicant

. Lead in the Human Environment: Production,

Uses, Trends

. Lead in the Human Environment: Lead Emissions

and Emission Trends

. Lead in the Human Environment: Fate and

Transport Processes

. Lead Concentrations in Environmental Media

Relevant to Human Lead Exposures

Part 2
Lead Exposure in Human Populations

7.

8.

10.

Lead Exposure in Human Populations: Lead Intakes

Lead Exposure in Human Populations: Lead
Toxicokinetics and Biomarkers of Lead Exposure

. Predictive Modeling Approaches for Assessing

Human Lead Exposure

The Environmental Epidemiology of Human Lead
Exposure :

23

41

73

91

17z

217

243

317

345




Contents

Part 3
Lead Toxicity in Humans

11.

12,

13.

14,

15.

16.

17.

18.

19.

Lead Toxicity in Humans: A Brief Historical
Perspective and Public Health Context

Neurotoxicity of Lead in Human Populations
Cardiovascular Toxicity of Lead in Human Populations

Reproductive and Developmental Toxicity of Lead in
Human Populations

The Nephrotoxicity of Lead in Human Populations
Hematological Effects of Lead in Human Populations

Carcinogenic and Genotoxic Effects of Lead in
Human Populations

Immunotoxic Eifects of Lead in Human Populations

Effects of Lead on Other Organs and Systems in
Human Populations

Part 4
Human Health Risk Assessment

20.

21.

22,

23.

24,

Human Health Risk Assessment for Lead:
Introduction, Context, Rationale

Hazard Characterization for Lead in
Human Populations

Dose-Response Relationships for Toxic Effects
of Lead in Human Populations

Exposure Characterizations for Lead in Specific
Human Populations

Health Risk Characterization of Lead Effects in
Human Populations

401

439

503

537

567

597

635

671

697

715

729

745

769

797




Contents

{istorical
nfext 401
opulations 439

Human Populations 503

| Toxicity of Lead in
oxicity 537

man Populations 567
Human Populations 597

cts of Lead in

635
uman Populations 671
and Systems in

697
or Lead:

715
I in

729
r Toxic Effects

745
ead in Specific

769

ead Effects in

797

Confents

Part 5
Regulatory Approaches to Control

25. Legislative Aspects of Lead Regulation and
Regulatory Policies

26. Lead Regulation and Regulatory Policies:
Lead in Paint

27. Regulation and Regulatory Policies for Lead in
Ambient Air

28. Regulation and Regulatory Policies for Lead in Water

29. Regulation and Regulatory Policies for
Lead in Food

Index

817

841

875

899

623

945




CChapter 6)———

:_.é_;__Human Lead Exposures

'LEAD AS MULTIMEDIA POLLUTANT

gdre 5.1 in the previous chapter presented a graphic depiction of lead as a
bitance which enters and departs multiple environmental compartments,
ultiple environmental media, with relative physical and chemical ease.
recognition and graphic characterization of lead as a multimedia poltut-
t.is of recent vintage, dating to the 1977 U.S. EPA Air Quality Criteria for
ead report (U.S. EPA, 1977), the first of a series of Federal lead documents,

d the 1980 report to the National Commission on Air Quality by Mushak
d Schroeder (see also Chapter 25). Subsequent expert consensus treatises
¢h as BEPA’s later Air Quality Criteria Documents for Lead (U.S. EPA,
986a, 2006), the U.S. CDC Statements on Childhood Lead Poisoning (U.S.
DC, 1985, 1991, 2005), the NAS/NRC (1980, 1993), and the WHO (1993)
Iped establish the nature and extent of lead’s multimedia behavior.

. Lead’s behavior as a multimedia pollutant poses preblems for human
ealth risk assessment and regulatory science at several levels, a number of
hich are presented in detail in later chapters. First, it is important to estab-
fish the full extent of lead exposures of human populations, especially those
‘sibsets of the population at elevated risk for exposure and/er harm.
stablishing the extent of exposure mainly includes identifying and quantify-
ing lead intakes and uptakes into the human body.

. A second important factor for lead as a multimedia pollutant is the recog-
nized toxicokinetic and toxicological fact that all sources of lead intake and
tiptake by human populations contribute to a single, integrated internal toxi-
‘cological exposure or “dose.” It is not biologically or toxicologically
required that a single source of lead provides all of the potentially toxic lead
exposure, merely that it provides a measurable contribution to the total. The
body, furthermore, does not typically preserve the chemical form of the lead
‘entering the receiving compartments, for example, the gastrointestinal and

Traee Metals and other Contaminanis in the Enviconment, Volame 1¢
. 1SBN: 1875-1121 DOL: 10.1016/B978-0-444-51554-4.00006-7
€ 2011 Flscvier B.Y. All sights reserved. : 117
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the respiratory tracts. Once absorbed, a given quantity of lead is toxic to the
same extent, regardless of its environmental chemical or physical form.

A third factor in assessing lead in multiple contact media and those asso-
ciated lead exposures in human populations is that lead is biologically cumu-
lative and is significantly cumulative over time in human populations. Lead
is cumulative in hvmans principally because of its propensity to lodge in
skeletal mineral tissue with time, growth, and age. The accumulation begins
in childhood and continues well into adultheod (Mushak, 1993, 1998; U.S.
EPA, 2006). However, lead is unlike methyl mercury, in that it does
not biomagnify across species or trophic orders as one goes up the food web,

There are two comsequences for risk assessment of this potential for accu-
mulation in bone. First, lead lodged in bone can be mobilized under diverse
physiclogical and other stresses, €.g., pregnancy, lactation, menopause, phys-
ical immobilization (Gulson et al., 1995, 1997; Markowitz and Weinberger,
1990; Silbergeld et al., 1988), and it subsequently enters the bloodstream,
producing an “endogenous” pool of lead for inducing toxic effects.
Secondly, tead’s systemic accumulation places a premium on quantification
of lead intakes and uptakes over much of the lifetime of human populations,
since the main bone depository for lead, cortical bone, has a half-life for
lead release of up to several decades from that compartment (Rabinowitz
et al., 1976).

This chapter examines the levels of lead in environmental media with
which human populations interact by such means as ingestion and inhalation.
Quantification of lead levels in media not only applies to the ongeing and
near-term case, but also requires a depiction of the environmental lead pic-
fure over population lifetimes. If lead deposited in bone 30 years ago can be
released and produce harm, one needs to evaluate as best as possible the
magnitude of lead intakes via various media 30 years ago. This would partic-
ularly be the case in attempting predictive modeling of lead exposures that
occurred decades ago.

For measuring lead in environmental media providing potential human
lead exposures, this chapter includes older published data for lead concentra-
tions in media, data which are old enough to encompass the full lifetimes of
living populations. This is because of long-term Pb storage in bone. One con-
cern with any appraisal of older lead measurement data in media is that of
analytical and statistical data reliability versus that of methods employed
with more recent accepted techniques. Sensitivity is of particular concern.
A potent toxicant such as environmental lead requires methods for quantifi-
cation of concentrations of lead at ultra-trace levels in order to permit esti-
mates of the full range of Pb exposures.

Evolution of methodologies for measuring lead in media and associated
statistical analysis require a brief discussion of current methods in perspec-
tive. Methods have greatly improved over the years, so that one must confine
reliance on older data to those likely to be most reliable.
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3 SUMMARY OF SAMPLING AND LABORATORY
" ANALYTICAL METHODS FOR ENVIRONMENTAL LEAD

iroproental media of interest in this section on measurement are the same
hose producing potential human lead exposures: ambient air, lead paints,
. drinking water, soils and dusts, and some of the more problematic idio-
sratic SOUTCES. Sampling and laboratory measurement techniques now
ely used are emphasized with comparative statements for older methods
ded mainly to offer perspective. Biomarker sampling and measurement
thodologies, ie., procedures for Jead in biological media directly relevant
uman lead exposures, are presented in a later chapter.

{.ead has been and continues to be so pervasive in human environmengs
that it poses special challenges for sampling and analysis of either environ-
al or biological lead when present in extremely small amounts. Because
o the contamination problem, no serious attempt at reliable lead measure-
ats in environmental media can be done without rigorous quality assur-
e and quality control (QA/QC) protocols. For regulatory compliance with
iforceable U.S. standards, such QA/QC steps are explicitly prescribed in
er to have legal meaning (Code of Federal Regulations, CFR, 1982,

8).

2.1 Analysis of Lead in Ambient Air

Sampling for ambient air lead measurements is guite complex in implemen-
ion and interpretation. Furthermore, that sampling complexity is arguably
anter than it is for most other lead-containing environmental media. This
s partly from the nature of how human populations encounter lead in air
d lead’s fate and transport from points of emission. This section also sum-
arizes some changes in sampling and methodology that have accompanied
ges in lead emission sources. Specifically, lead from mobile sources and
ead analyses to quantify this source contribution have declined signifi-
antly in the last 1520 years while stationary or point lead sources have
areased in relative significance. The magnitude of these changes was noted
er.
- Methodologies for air lead sampling and laboratory analysis are limited
16 specific reference methods officially prescribed to accommodate the fact
hat air lead analysis in the United States is directed to, among other put-
poses, compliance with an ambient air lead standard within the framework of
tate Implementation Plans (SIPs). SIPs are the regulatory and legal means
which the various states implement the nationally enacted ambient air
ad standard. The details are discussed in such treatises as Chapter 4 of the
986 T.S. FPA Air Quality Criteria for Lead document (U.5. EPA, 1986a}
Chapters 2 and 3 of U.S. EPA, 2006. The required reference methods
or legal enforcement are codified in the CFRs (CFR, 1982, 40:§58}.
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Three factors govern air lead sampling: (1} site selection; (2) appliances
used for air sampling and form of lead being sampled; and (3) sample preser-
vation prior to laboratory analysis. For any area’s site sampling for airborne
lead, some minimum number of sampling stations are required, depending
on both population category and ranges of total suspended particulate (TSP},
Air lead quantification reports, from earlier times through the present, typi-
cally reported air lead concentrations based on TSP. Other criteria pollutants
have adopted size-selective sampling techniques with an eye to focusing on
the most readily respirabte particulate forms of the pollutants. These require-
mexnts mainly applied to those earlier years when the predominant contribu-
tor, on the order of 90-93% of total air lead, was leaded gasoline
combustion.

Up to 6 to § air-monitoring stations were spelled out for areas with popu-
lations exceeding 500,000 and where prior testings showed particulate air
levels within the “high” range, that is, when the TSP level exceeded 20% of
the TSP standard. At the other extreme, areas with populations of only
50,000—100,000 and where the TSP level is less than the ambient air stan-
dard require no monitoring sites (Appendix D, CFR, 1982, 40:§58).

Ambient air lead partitions into vertical gradients, especially near mobile
lead sources, e.g., vehicular exhaust from leaded gasoline combustion. There
is special emphasis on those heights above source relevant to human lead
exposures. Other specific monitor locating requirements include specifica-
tions for distances from roadways (5—100 m) and distances from obstacles
between the monitor and the emitting source (Appendix E, CFR, 1982,
40:858).

Ambient air sampling within typical regulatory and other contexts uses a
high-volume (“hi-vol”) aerosol sampler. Other collection devices may
include filters, impactors, and impingers (U.S. EPA, 1971). This overall
approach is based on the existence of lead in ambient air as largely inorganic
particulate matter rather than in predominantly vapor form. Quantification
using this sampler is as micrograms per cubic meter of air (g Pb/m?).

The dichotomous and impact samplers are other devices for air lead mon-
itoring. The former collects particulate and segregates it into two size ranges:
0—2.5um and 2.5 to the maximum opening of the intake port, typically
10 pm (Loo et al., 1979). These ranges, generally conforming to fine and
coarse particle categories, respectively, provide a close approximation to
those particulate sizes that are relevant to respirable lead fractions and that
fraction entering the deep pulmonary compartment.

Impactor samplers, which permit a broader range of measurable particu-
late size distributions, are constructed so that air entering at high flow rates
encounters a series of trapping surfaces and particles are trapped based on
size. First trapped are the coarsest particles followed sequentially by smaller
and smaller fractions. The cascade samplers typically allow fractionations
within narrow ranges, such as 0.01—0.1 pm (Dzubay et al., 1976).
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Laboratory analysis of air lead contained on various sampler trapping
'atenals typically uses reference methods, i.e., methods taken to be particu-
y reliable, that have relatively reliable track records and which have been
~dified for use to ascertain compliance with existing enforceable standards
‘the case of regulatory legal compliance testings (CFR. 1982, 40:§58).

“ The approved reference method for enforcement purposes (CFR, 1982,
0 §58) uses hi-vol samplers and measures lead by atomic absorption spec-
ometry (AAS). This laboratory method, which has been available in various
nalytical configurations for several decades, has been shown to be particu-
y reliable and sensitive for measuring lead guantitatively in a large range
*environmental media. Flameless AAS is a more sensitive variation of this
chnique than conventional flame methods and has been the choice for
many years. As with any lead measurement method, sample handling must
‘minimize both contamination with lead and loss of lead from the sample.
omparatively, the contamination problem is still the more problematic and
s is certainly the case for analyses in U.S. urban areas and in other indus-
alized nations (NAS/NRC, 1993; Patterson, 1983; Settle and Patterson,
980) For air sample analyses, the codified reference method using AAS is
aite adequate for a wide range of air lead concentrations.

Other methodologies fall into the category of definitive or alternative ref-
tence methodologies. The definitive method for lead, against which other
iethods are qualified for reference use, and the one employed for standard
ample lead certification by the National Institute of Science and
echnology (NIST), is isotope-dilution mass spectrometry (IDMS). Among
s cardinal virtves, in addition to accuracy and precision, are sensitivity and
pplicability to many lead-containing environmental matrices.

.2.2 Analysis of Lead in Paint

ad in paint remains a major source of lead in human environments in
erms of the U.S. national picture, and paint lead remains the dominant gen-
ral lead source for humans residing in inner city, densely populated neigh-
othoods having a high fraction of deteriorated housing. Lead in paint, like
ead in ambient air, is defined as a source of lead that works through
ways to provide human lead exposures. Shared pathways from these
riginating lead sources include interior and exterior dusts and yard soils. It
therefore appropriate to discuss this lead source with air lead and prior to
iscnssions of lead analysis in pathway media such as soils, dusts, plants,
ater, and food. Paint lead also shares the characteristic of sampling com-
lexity with air lead and, equally important, much of paint lead testing and
antification of lead in paint lies within regulatory and legal constraints that
tescribe certain sampling and analysis protocols. Lead paint testings and
ssessments as part of risk assessment for U.S. housing and in other frame-
_o_rks lie within the jurisdictions of two U.S. agencies. The principal agency
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having oversight of lead paint-containing U.S. housing units is the U.§,
Department of Housing and Urban Development (U.8. HUD, 1995), with the
1J.S. EPA sharing statutory mandated responsibility (UJ.S. EPA, 2001).

Sampling lead-painted surfaces is prescribed for the purpose of “... 3
surface-by-surface investigafion to determine the presence of lead-based
paint ... . the latter being present when any measured lead paint content in
terms of lead loading is =1.0 mg/cm? or has a concentration =0.5% lead by
weight (CFR, 2001, 40: Part 745; CFR, 1996, 24: Part 35). Two types of res-
idential units are covered in these regulations, singfe family units and mult-
family units. In the latter case, statistical formulae are used to randomly
select a fraction of all the units broken into two categories of multiunit age
ranges, pre-1960 or 1960—1977. This is necessary since it usually would not
be feasible to test the entire tally of units at, for example, an apartment com-
plex. Table 7.3 of U.S. HUD (1995, Ch. 7) sets forth how many units are to
be tested at a multiunit complex as a function of complex age.

Testings of lead-painted surfaces typically begin with ir situ examination
using portable X-ray fiuorescence (XRF) spectrometers that have been cali-
brated and are of an acceptable type as prescribed by U.S. HUD regulations.
There are statistical protocols that employ random sampling techniques that
apply for either single residence or multifamily residences (U.S. HUD,
1995). Documenting surface samplings typically includes testing forms that
spell out both the area of a residential unit tested, such as a living room, and
components within that area, e.g., baseboards, window sills/sashes/wells.

A reading will produce one of three results: (1) a level below which a
reading is considered negative; (2) an intermediate range where the result is
deemed inconclusive; and (3) a reading which is positive, i.e., exceeds the
inconclusive reading. Surfaces with inconclusive readings can be also exam-
ined by collecting paint chips at the same surface to determine whether the
0.5% lead chip standard has been exceeded.

Surfaces to be sampled are those often found to either be higher in paint
lead content and/or within easy reach of those most likely to have exposure,
i.e., infants and toddlers. They especially include window components—sills,
frames/jambs, wells—easily accessible swfaces that have been comrnonly
associated with lead exposures of very young children. Surfaces for testing
besides painted areas are those that are varnished, stained, shellacked, or
painted surfaces under wallpaper.

Frequency or other criteria for lead paint surface testing depends on the
purpose of the effort. U.S. HUD (1995, Ch. 7, revised 1997) spells out two
types of lead paint measurement protocols for paint surface testing. These
are lead paint inspection testings and risk assessments, the latter to identify
what HUD terms Iead paint “hazards,” The term “risk assessment” cairies a
regulatory definition (CFR 40: Part 745, 2001) focused on lead paint hazards.
Lead paint inspections deal with determining the presence of lead paint and
usually test many more areas than lead paint hazard risk assessments. Both
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5. Surface delamination (broad surface peeling from poorly prepared sur-
s),. for example, produces chips that do not capture the earlier history of
entire paint depth on the residential surfaces. Such sampling would
potentially result in understatements of likely lead exposure of child resi-
. or visitors. The most common metric for paint chip Jead measurement
percent by weight. To express lead content by area rather than percent by
ht, 2 measured area of paint surface is typically obtained.

ortable XRF testing is the conventional method for in sifu lead paint
ngs on older painted surfaces. The XRF method records lead present in
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adi_ated lead from X- or gamma rays produces X-rays at a characteristic
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both the U.S. HUD and U.S. EPA with the inspector’s use of an XRF
Performance Characteristic Sheet. This form describes results in the context
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ings are less than either the threshold or the lower boundary of “incon-
clusive” the result is taken as megative, i.e., legally defined lead paint is
nt. Similarly, the readings that exceed the upper boundary of the incon-
1sive range are taken as positive. The XRF Performance Characteristic
also sets forth guidelines for calibration, substrate issues and correc-

.Laboratory analysis of lead in paint chips should only be carried out by
those laboratories certified for such analyses by the 1.8, EPA National Lead
boratory Accreditation Program (NLLAP), using approved laboratory
ethods. Use of AAS methodology, particularly in the ICP-AAS configura-
I; is the common approach. Another routine method is anodic stripping
Itammetry (ASV).
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The American Society for Testing Materials (ASTM) has provided vali-
dated procedures for quantification of lead in various types of paint samples,
ASTM E 1645 prescribes preparation of paint lead chips for analysis while
methods ASTM E 1613, ASTM E 1775, and ASTM PS 88 are directed to
measurements of lead. The NIST has made paint standard reference materials
(SRM} available for calibration and validation of lead paint measurement
methodologies. SRM 2579 is available as a paint film while SRM 2589 con-
sists of paint samples collected from interiors of various homes and prepared
as a homogeneous powder, ~ 100,000 ppmm (10%) lead, with >99% of the
particles being <<100 um in size.

6.2.3 Analysis of Lead in Soils

The variety of sampling approaches for soil lead analyses is as complex as
for fead paint. The type of sample taking for soils depends on the purpose of
the analyses. Residential, industrial, and public area seils are often analyzed
for regulatory, legal, risk assessment, or scientific research purposes. Soils
may also be tested to quantify the amounts of lead present, to determine the
source(s) of lead in the soils, and, in certain cases, to ascertain the chemical
and physicochemical species of lead in the soils to ascertain both likely
source and relative bioavailability of lead forms present.

A number of methodological and statistical criteria govern the actual
physical natere of the soil sampling. There is the matter of spatial sampling,
where one or more surface area soil samples are collected. Collection may
entafl grab sampling, where one sample is collected, or composite sampling,
where subsamples are gathered and combined prior to analysis. Subsamples
may also be analyzed individually before combining to provide a composite
value. Compositing is typically done where there is some information avail-
able about the likely nature of the lead source providing the contamination
and its distribution. That is, is the soil lead relatively uniform in distribution
or heterogeneous, with one or more potentially troublesome “hot spots” that
can produce human lead exposures {(U.S. EPA, 1989; 10.S. EPA 2008a,
Child-Specific Exposure Factors Handbook)?

Soil sampling may also entail spatially variable collection in area or ver-
tical depth. For example, if one is interested in whether exterior lead paint
has weathered and released to adjacent soils, one would collect foundation
perimeter, i.e., “drip-line” samples. If one is interested in whether roadways
are affecting property front soils, samples can be collected at the curb.
A critical factor in soil sampling is depth of sampling. Soil lead arising from
atmospheric dry and wet deposition will typically deposit on the top 1—2 cm
of soil surface. Absent other lead sources, deeper soil strata will have little
lead content. Sample cores which are gathered well below this 1—2 cm depth
have the potential to statistically dilute the soil lead loading with reference
to lead exposure of young children who play in such soils and only come in
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ihe variability with particle size of lead exposures for children contacting
sded soils (Mushak, 1991). The smaller the lead-containing soil particle,

¢ higher the propensity for adhering to hands and the higher the likelihood
ficking to clothing, shoes, etc. for transport indoors and later potential
gestion (see later chapters).

Bulk soil samples which have not been sieved into different size fractions
> the potential to underestimate lead content relative to those smaller par-
fractions which have the higher lead exposure potential. That is, larger
atticles will have lower lead content but may contribute substantially to
ammiple mass. Other mass determination concems include the need to exclude
¢-sized detritus and organic matter, since the latter confributes to sample
mass but has questionable relevance as a lead exposure medium.

There are a variety of field and laboratory analytical methods for soil lead
casurement, depending on the type of analysis and its purposes in a given
_aluatlon Bulk soil Iead measurement refers to measurement of the total
-content of the scil sample. Chemical speciation and micromineralogical
studies in the context of human lead exposure variability refer to amounts of
ecific chemical forms of lead and their geochemical states. These studies
‘sometimes dome in tandem with relative bioavailability testings, i.e.,
unts of lead being absorbed under in vive or in vitro simulation of in vivo
nditions (Casteel et al., 2006) with respect to Pb source attribution.
able isotopic analysis studies deal with the quantitative stratification of
ad’s stable isotopic composition into the four main stable isotopes: lead-
4:lead-206, lead-207, and lead-208 (Gulson et al., 1995, 1997).

Field measurement of bulk soil lead by XRF instruments will typically
quire confirmation analysis through some randomly selected subset of fur-
er testing by some reference technique in the laboratory: AAS, inductively
upled plasma-atomic emission spectroscopy (ICP-AES), or ICP-mass spec-
otietry (ICP-MS). Other methods are electrochemical in nature, such as
SV and differential pulse polarography. Many soil samples are processed
id analyzed directly in the laboratory.
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Detection limits for lead in soil matrices have markedly improved over
the last several decades owing to improvements in the signal detection sys-
tems, e.g., charge-coupled devices in place of photomultiplier tubes.

U.S. EPA (2001) holds ICP-AES or ICP-MS to be the soil lead measure-
ment methods of choice. Detection limits are on the order of 40 parts per bii-
lion (ppb) which are quite adequate for an environmental medium where
even background, i.e., uncontaminated soil lead, concentrations are on the
order of 10—20 ppm.

A number of soil-derived SRMs are available for QA/QC use in the quan-
titative analysis of lead in soils. The SRM numbers, their corresponding
matrix type and lead level (mg/kg, ppmy) are 2709, soil, 18.9; 2710, soil,
5532; 2711, soil, 1162; 2586, soil (paint), 432; 2587, and soil (paint} 3242,

Analytical speciation methods, referred to earlier, generally differ from
the methods adequate for bulk quantification of lead. As with bulk methods,
nonetheless, contaminating levels should not be permitted in interfering
amounts. Several lead speciation approaches are X-ray absorption spectrome-
try, X-ray diffraction, and electron-microprobe micreanalyses (U.S. EPA,
2006; Welter et al., 1999).

6.2.4 Analysis of Lead in Dusts

Dust lead arises through transport mechanisms for lead in originating sources,
typically lead in paint (Lanphear et al., 1996) and/or ambient air lead depos-
ited onto various surfaces (Adgate et al., 1998). Ambient air Jead from both
mobile and stationary sources produces interior dust lead (U.S. EPA, 19864,
Ch. 7). Interior dust lead from these input media is of particular concern for
childhood lead exposures. Exterior dust lead may also elevate lead exposures
from outside toys, play sets, etc. Dust lead can arise from soil lead, which is
an environmental medium pathway that receives lead via wet and dry deposi-
tion from atmospheric lead or exterior lead paints weathering onto adjacent
soils (von Lindern et al., 2003a). A fourth generator of interior dust lead is
clothing, shoes, etc. of family members or others who work in leaded settings
including battery production and lead secondary smelting and wear their
work clothes home. This is termed secondary or “take~-home™ lead exposure.
Dust sampling for lead uses two different metrics: lead concentration or
lead loadings. Each method has its advantages and drawbacks. Determining
lead concentrations in dusts typically requires a gravimetric approach, where
the mass of lead in collected dusts is quantified from the mass of total dust
amounts. Dust lead loadings are done by collecting leaded dusts within a pre-
determined surface area, e.g., per square meter or per square foot. The lead
concentration is influenced by the presence of nonlead materials and house-
keeping efficiency differences from site to site. Lead loading per unit area is
not affected in this manner (see, e.g., Milar and Mushak, 1982; U.S. EPA,
2001). In addition, leaded dust regulatory standards are currently expressed

e e
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cad in paint or lead in soil. For example, the amount of dust accumulation
ead accumulation in dusts is significantly affected by the residence times
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One can collect dust samples as grab samples or through compositing. In
the latter case, at least three subsamples for a composite are recommended
where surfaces are relatively similar. Single, grab wipe sampling should be
done where a particular surface is not similar to others or where surface dete-
rioration is quite pronounced. That is, it is a surface producing a “hot spot”
dust lead location. Compositing, furthermore, should be component- and
area-specific. Bare floor samplings should not be combined with carpeted
surface collections. Bascboard wipes should not be combined with window
sill/trough wipes, etc. Multiple surface wipings with the same wipe should
never be done. Each surface should use a new wipe each time.
Recommended testing areas in residences occupied by children would
include principal playroom, kitchen, bedroom of the youngest child, and bed-
room of the second youngest. Dust sampling for multiunit residenceg
expands on the above protocol for single units mainly in adding several com-
mon area samples.

Dust sampling for evaluation of residences as part of hazardous waste
site evaluations as occur in Superfund activities entails determination of dust
lead concentration, usually by vacuum collection through use of vacuum
cleaners (von Lindern et al, 2003b} or, preferably, filter collection units
attached to vacuum sources.

Laboratory analysis of dust samples employs methods similar to those for
measuring lead in soils. However, the total amounts of dust mass sampled
for analysis are typically much lower than for soil lead, where soil typically
is available in large amounts and sample mass is not problematic. Dust lead
levels, on the other hand, tend to track higher at a given testing site than
associated soil lead levels, On balance, a more sensitive measurement
method is desirable. Flameless AAS and ICP-MS provide both the sensitivity
and specificity for acceptable dust lead bulk measurements. Speciation of
lead in dusts generally employs methodology similar to that for lead specia-
tion in soils {see earlier).

There are three SRMs that are available from NIST for QA/QC assess-
ment in the laboratory for dust lead measurements (SRM #, matrix, and lead
level, ppm): 1649a, urban dust, 12,400; 2583, indoor dust, 85.9; 2584, indoor
dust, 9,761.

6.2.5 Analysis of Lead in Diets

Sampling and analysis of lead in diets of human populations require taking
account of some characteristics of lead in human diets. First, any given die-
tary item will have relatively low amounts of lead but the amounts consumed
daily can lead to relatively high total lead intakes. Second, while human
populations all receive some fraction of their lead exposures from their diets,
the size of the fractional intakes and uptakes of lead from diet will vary with
such factors as the subset of the population, the amount of the centralized
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geographic areas of the country and for 12 commodity groups. The 234 sub-
groups within the 12 commodity groups in turn represent up to 5,000 differ-
ent foods (Adams, 1991). The TDS approach also relies on data from the
U.S. Department of Agriculture’s (USDA’s) National Food Consumption
Survey (NFCS) for both selection of food types and translation of data for
lead in diet components into daily dietary lead intakes {(Adams, 1991).

Determining lead intakes and exposures for individuals as part of some
research purpose will require not general but specific lead intakes. Pao
(1989) described four sampling methods for individual dietary assessments,
whatever the substances being measured. Two were retrospective in nature
and include the recall of past food intake over the last 24 hours or some
other time interval and the recall of past usual intake as might be recapitu-
lated in a dietary history. The remaining two were prospective, involving an
ongoing record of dietary intake of food components or using duplicate diet
food intakes. Of these, the 24-hour food recall is probably the approach
which serves for current intakes of dietary lead in either large groups being
studied or those for whom the other approaches would not be feasible.

Lead in diet occurs at lower concentrations than in a number of other
media, e.g., soils and dusts. Measurement methods therefore require high
sensitivity for detection. Lead levels were originally measured by conven-
tional AAS, but now there is more use of bulk sample ashing and Flameless
AAS. Capar (1991) described a food lead quantitation limit of 20 ppb.

6.2.6 Analysis of Lead in Drinking Water

Transport of deposited ambient air and soil lead to surface water and ground-
water was described in the previous chapter. This chapter is principally con-
cemed with these waters to the extent they serve as drinking water sources
for human populations. Human populations typically get their drinking water
from individual wells in rural areas or through public water supply distribu-
tion systems in suburban and urban locales. Neither well water aquifers nor
surface water supplies, e.g., reservoirs, are significant sources of those
amounts of lead that enter residential or public tap water. Rather, the distri-
bution system and/or residential/public site tap water plumbing systems are
the main sources adding lead to the water. Of these two components of the
tap water chain of distribution, household plumbing with leaded connections
or fittings is more often the culprit.

Tap water lead is regulated by the U.S. EPA through an action level for
the part of the system water in household plumbing and a regulatory maxi-
mum contaminant level (MCL) that applies to water leaving water treatment
plants. The former is a level of 15 ppb for no more than 10% of cumulatively
sampled water testings in a community and the enforceable MCL is 5 ppb.
The 1991 EPA lead and copper drinking water rule spells out details for tap
water sampling (42 USC §300f; 40 CFR Part 141).
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In: general, two types of water samples may be gathered, standing tap
tor and flushed samples. The former allows evaluation of the lead level in
water that comes from both household plumbing leaching and lead in
or from the distribution system. The latter provides both the distribution
\tribution to tap water lead and, by difference from the stagnant sampling
tocol, individual household-specitic plumbing contributions.
{.sad in tap water can occur in either fully soluble form or a mixtare of
uible and particle-bound, suspended lead. If filtered samples are used, the
the insoluble fraction is not accounted for although it can contiibute
ad exposures. The laiter is of relatively more significance for individual
~ommunity wells than for water being distributed from public treatment
\ts-in relatively high-population communities. However, fine particles of
d-soldering in household plumbing in suburban and urban areas can con-
to water lead intakes and need attention. In regulatory assessments,
s Superfund risk assessment, total tap water lead, i.e., use of unfiltered
les, is recommended (U.S. EPA, 1989).
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..CONCENTRATIONS OF LEAD IN ENVIRONMENTAL
MEDIA PRODUCING EXPOSURES

2d.contaminated environmental media differ in their relative significance
uman lead exposures. The first difference is who among human popula-
‘are exposed to the Pb in the matrix. Dust and soil lead concentrations
highly significant for lead exposures of young children, especially infants
ddlers as discussed in the following chapter. Nonoccupational adult
ures mainly involve lead in air and diet. In some cases, both children
d adults may sustain drinking water lead exposures. Workers are exposed
Jorkplace lead in facilities such as lead smelters and lead-acid battery
ations through both inhalation and ingestion, the latter through contact
- settled lead dusts. Occupational exposures are not addressed per se in
-mionograph and are mainly noted in the comtext of secondary or “take-
& lead exposure of workers’ families, especially their young children.
is type of lead contact occurs through workplace dusts brought home on
ng, shoes, work items, etc.

A second significant factor concerns both the relative amounts of envi-
meéntal media contamination from lead and the relative amounts of the
1um contacted by exposed populations. Both lead intake scenarios can be
orfant, as seen in the nexi chapter on human exposures. A third broad
racteristic has to do with the physical, chemical, physicochemical, and
emical nature of the element present in some medium. These character-
‘affect the extent to which lead levels in some medium are absorbed
the bloodstream.

Leéad-containing environmental media and lead concentrations in the
edia: are mainly presented and tabulated in this chapter for ambient air
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lead, soil lead, interior and exterior dust lead, dietary lead, and lead in tap
water. Lead levels in other, idiosyncratic sources of lead are provided only
in brief summary.

Concentrations of lead in the various environmental media described i
this section are presented for extended periods. The available data that meet
minimal statistical and measurement criteria generally only extend from the
late 1960s/early 1970s to the present. The purposes of a wide temporal look
at environmental lead concentrations are several. First, the nature of lead ag
an accumulating contaminant in the hodies of human populations requires ap
appreciation of the amounts of environmental lead that existed in past dec-
ades. As noted earlier, lead levels in media have been changing, mainfy
downward, so that current human body lead burdens are only partially quan-
tifiable from current lead intakes into body compartments. Secondly, the use
of predictive, biokinetic models of human lead exposures for simulating life-
time lead exposures requires knowledge of lead intakes from the earliest per-
iods of life.

6.3.1 Concentrations of Lead in Ambient Air

Prehistaric/Natural Levels in Ambient Air

Prehistoric or “natural” global levels of lead in ambient air are not currently
measureable. Only projected estimates of early concentrations can be done.
One approach has been to assume that prehistoric levels approximate lead
levels measured in the most remote areas of the world using scrupulously
rigorous methodologies for both sampling and measurement (see Table 6.7).
Maenhaut et al. (1979) measured a value of 7.6 X 10> pg/m® at the South
Pole, while Settle and Patterson (1982) recorded an Eniwetok atoll level of
1.7 %107 ng/m® and a similar value of 1.5 % 107* ug/m® was recorded by
Davidson et al. (1981) at a Greenland site. A second approach, that of
Nriagu {1979) and Settle and Patterson (1980, entailed calculations of air Pb
levels derived from estimating natural global emissions and dispersion of the
emissions into selected tropospheric volumes, and assuming a residence time
of 10 days. The two corresponding estimates are 2.6 X 10 *ug Pb/m’
(Nriagu, 1979) and 2.1 X 107> ug Pb/m>.

The U.S. EPA, in its 1986 Air Quality Criteria for Lead document,
selected the figure of 5% 107 ug Pb/m” as the most reasonable depiction of
the various estimating outcomes for purposes of subsequently calculating a
background air lead value.

Ambient Air Pb levels in the Modern Fra

Ambient air Pb levels in the United States or elsewhere were not recorded or
reported in any systematic way until the late 1950s. The establishment of the
National Air Surveillance Network (NASN) in the United States was typical




Lead and Public Health pter | 6 Lead in Media Relevant to Human Lead Exposures 133

erior dust lead, dietary lead, and lead in tap’
osyncratic sources of lead are provided only:

iich efforts. By the late 1970s, the NASN sites numbered 300 urban and
norban monitoring units, Since then, the numbers have declined with
"'hasing out of lead additives in gasoline (see later). However, other U.S.
eitlance networks have been established and remain operational mainly
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4 sites, as of this writing, number about 50 and look at long-term trends
the United States. These are augmented with 150 additional sites (U.S.
'4::2006, Ch, 3). These STN sites are principally oriented toward urban

e various environmental media described in:
tended periods. The available data that mest:
ment criteria generally only extend from the:
esent. The purposes of a wide temporal look:
iions are several. First, the nature of lead ag:
‘the bodies of human populations requires an’
environmental lead that existed in past dec-
vels in media have been changing, mainly:
in body lead burdens are only partially quan-:
s into body compartments. Secondly, the use.
of human lead exposures for siemulating life
owledge of lead intakes from the earliest per-;

ad in Ambient Air
1 Ambient Air

evels of lead in ambient air are not currently:
timates of early concentrations can be don
ime that prehistoric levels approximate lead
mote areas of the world using scrapuloust
 sampling and measurement (see Table 6.7)..
:d a value of 7.6 X 107> pug/m° at the Sou
1 (1982) recorded an Eniwetok atoll level o
value of 1.5 X 10™* pg/m® was recorded by
jreenland site. A second approach, that of:
tterson (1980), entailed calculations of air Pb
atural global emissions and dispersion of the
eric volumes, and assuming a residence tim
onding estimates are 2.6 X 10™* g Pb/m
g Pb/m’.

y Air Quality Criteria for Lead documen
1g Pb/m® as the most reasonable depiction of
s for purposes of subsequently calculating

he remaining two U.S. networks are the Interagency Monitoring of
stected Invisible Environments (IMPROVE) system and the National Air
xics Trends Stations (NATTS). The IMPROVE network, as the label implies,
ale:with lead and other contaminants in rural areas measured in the PM: s
ion. The National Park Service manages the principal 110 rural IMPROVE
g with shared management through other parties for 80 more sites that are a
of urban and rural. The NATTS network is the newest of the group of net-
orks, coming on stream in 2004, and is a set of 23 sites for urban and some
eas. Lead measurement is confined to particle sizes of 10 jm or less,

¢ earliest 1.5, data gathering, before 1966, had problematic results
rding to the U.S. EPA (1977). Because of that finding, data recorded in
: apter begin with reports for 1966. Concerns about earlier data included
factors. such as analytical inadequacy, statistical design problems, and sam-
giissues. Similar concerns about reliability of earlier air lead data else-
ie in the world limited international monitoring in general. As described
er, adequate and sensitive air particulate sampling and laboratory mea-
ment methods were still in development.

Lhree periods are covered in tabulating U.S. ambient air lead levels:
1621974, 19751984, and 1985 to the present. The first interval captures
increase and peak in air lead from mobile (leaded gasoline use) and sta-
ary (e.g., industrial, fossil fuel, and waste combustion) facilities. The sec-
period overlaps the regulatory phasing down period for lead emissions
e air, while the final period of 1985 to the present represents the current
e for air lead levels. As noted earlier, inclusion of earlier periods with
much higher atmospheric lead burdens is intended to help quantify

e Modern Fra

ited States or elsewhere were not recorded o
until the late 1950s. The establishment of the
ork (NASN) in the United States was typic
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(TABLE 6.1 Percentage of NASN Stations Reporting Urban Air Lead Data

at Indicated Air Lead {ug Pb/m?) Intervals®®
Air Ph Interval (ug/m3) o
Year <0.5 0.5-0.99 1.0-1.9 2.0-3.9 4.0-53
1966 9 42 42 5 —
1967 3 32 55 7 —
1968 9 45 36 6 1
1969 2 25 57 12 1
1970 5 33 50 9 1
1971 — 21 58 19 1
1972 9 37 A7 7 G
1973 15 35 26 3 1
1974 15 53 29 3 0
19661974 {Mean) 8 38 45 8 1
“Adapted from U.S. EPA (1977, Ch. 7).
"';geor;fniages of reporting stations within the air Pb intervals indicated sum to approximately

.

estimates for atmospheric lead inputs to long-lived reservoirs of anthropo-
genic lead—soils, dusts, sediments—and to assist in modeling lifetime lead
exposures in older populations exposed to those earlier levels. The topic of
cumulative lead exposures of human populations in developed, industrialized
societies is developed later in this text (Mushak and Mushak, 2000).

Table 6.1 provides a useful distribution tally of urban NASN stations
reporting .S, urban air lead ranges (ug/m>) within the indicated intervals
and over the pertod 1966—1974. The figures are adapted from U.S. EPA
(1977, Ch. 7).

As expected in this period of peak leaded gasoline use and heavy emis-
sions from stationary sources such as smelters, the highest air lead readings
occur for the intervals representing traffic densities and/or stationary site
emissions. The two highest air lead tanges largely capture areas of
point source lead emissions, with the highest air lead range covering one
emission site.

Table 6.1 shows that the highest percentage of stations reporting within
the air lead range 0.50—0.99 pg/m’, 55%, occurred in 1973, The highest per-
centage, 57%, of all NASN monitoring sites for the next highest air lead
interval of 1.0—1.9 pg/m® was reported in 1969, For the next highest air Jead
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N Stations Reporting Urban Air Lead Data TABLE 6.2 Percentage of Nonurban NASN Stations Reporting Air Lead
n?) Intervals®” _ 2 at Indicated Air Lead {ug Pb/m°) Intervals®®
Air Pb Interval {ig/m?) o Air Lead Interval (pg/m®) .;
3.5—-0.99 1.0-1.9 2.0-3.9 4.0-53 . <0.03 0.03-0.099 0.10-0.19 0.20—-0.45 ,
42 42 6 - - 52 32 16
32 55 7 - — 35 50 10
45 36 6 1 5 75 20 -
25 57 12 1 - 52 43 5
33 50 9 1 — — 70 30
21 58 19 1 29 12 26 33
37 47 7 0 39 31 26 4
55 26 3 1 19 31 38 12
53 29 3 0 )66—1974 15 36 35 14
38 45 8 1 " Adapted from ULS. EPA (1977, Ch. 7).
‘ mber of reporting NASN stations varies across the air Pb intervals.
1 the air Pb intervals indicated sum to approximately o

_

e, 2.0—3.9 ug/m’, the highest percentage, 19%, occurred in 1971. For
me period 1966—1974, the average percentage distribution of reporting
tes for the ranges <0.3, 0.5-0.99, 1.0-1.9, 2.0-3.9, and 4.0~5.3 pg/m?
o 8%, 38%, 45%, 8%, and 1% respectively. The highest percentage,
was reported in the air lead range of 1.0—1.9 pg/m’, followed closely
8% for the range 0.5—0.99 pg/m’. Combined, 83% of all stations
ed air Pb in the range 0.5—1.9 pg/m°>.

Analogous percentage distribution calculations for reporting NASN sta-
-in nonurban areas are presented in Table 6.2. Air Pb levels in the two
r ranges of 0.03—0.099 and 0.10-0.19 pg/m® account for the majority
He reporting site levels up to about 1971, followed by a decline in later
s, The highest percentage of reporting stations were generally for air Pb
alues 0.030—0.099 pg/m® followed by the range of 0.10-0.19 ug/m®. For
years 1966—1974, the average perceniages of sites reporting various air
anges showed 36% and 35% for the intervals 0.030-0.099 and
0.10-0.19 pg/m®.

Table 6.3 presents additional data on the descriptive statistics for U.S.
air lead measured quarterly in the 1970—1974 time frame in the form
of means, maxima, and percentile distributions of air lead concentrations.
Both arithmetic (1.19, 1.23, 1.13 pg/m°) and geometric (0.99, 1.00, 0.03 ug/m®)
ans were similarly elevated from 1970 to 1972, respectively, followed

inputs to long-lived reservoirs of anthropo::
ents—and to assist in modeling lifetime lead
exposed to those earlier levels. The topic of:
1man populations in developed, industrialized:
s text (Mushak and Mushak, 2000).
1 distribution tally of urban NASN stations
anges (jig/m) within the indicated interval
’4. The figures are adapted from U.S. EPA:
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ich as smelters, the highest air lead readings:
nting traffic densities andfor stationary site:
air lead ranges largely capture areas of®
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ghest percentage of stations reporting within:
/m®, 55%, occurred in 1973. The highest per--
onitoring sites for the next highest air lead:
eported in 1969. For the next highest air lead::
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TABLE 6.3 Mean, Percentile Distribution, and Maximum Urban Air Lead
Quarterly Measurements from Urban Stations, 1970—1974>"

. . , Percentile Distribution
Arithmetic Geometric Maximum

Year Mean (ug/m® Mean {ug/m®} (pg/m?) 10 50 70 95 99

1970 1.19 0.99 5.83
1971 1.23 1.00 6.31
1972 1.13 0.93 6.88

1873 092 0.76 5.83
1974 0.89 0.75 4.09

*Adapted from LS. EPA (1977, Ch. 7).
PNumber of guarterly composites varies.

TABLE 6.4 Mean, Maximum, and Percentile Distribution of Nonurban Air
Lead Quarterly Measurements from Nonurban Stations, 1970—1974%"

Percentile Distribution
Arithmetic Geometric Maximum

Year Mean (ug/m® Mean (pg/m® (ug/m® 10 50 70 95 99

1970 0.09 0.04 1.47 0.00 0.00 0.00 038 0.63

1971 0.05 0.01 1.13 0.00 000 0.00 020 0.78

1972 0.14 0.09 1.05 0.0T C.1t 017 039 095

1873 0.31 0.07 0.94 0.02 006 013 039 070

1974 0.1 0.08 0.53 0.01 0.09 014 032 050

*Adapted from U.S. EPA (1977).
Number of quarterly composites varies.
.

by onset of declines in 1973 and 1974. Median (50th percentile) air lead
levels showed a similar comparative relationship, at 1.05, 1.01, and
0.97 pg/m® for 1970—1972, respectively, followed by declines to 0.77 and
0.75 pg/m?* for the later 2 years. Maxima for these vears were 5.83, 6.31,
6.88, 5.83, and 4.09 pg/m®.

Descriptive statistics are similarty provided for nonurban air lead values
in the 19701974 time period, in Table 6.4, Here, the picture is less clear
across the 5 years of measurement, giving no definitive trend. Results also
reflect the lower number of monitoring stations and variability in the number
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tribution, and Maximum Urban Air Lead ABLE 6.5 Average Air Pb and Particle Size Distributions for Six Major
Urban Stations, 1970—1974%° ’s. Cities in 1970°
. Percentile Distribution Average Annual Average Particle % Particles
Maximum Pb Level (ug/m¥  Size MMD (um)® =1
v} (ug/m® 10 50 70 95 99 i& € am = hm
3.2
5.83 047 1.05 1.37 259 4,14 0.68 o9
6.31 042 1.01 142 286 433 Cincinnati, OH i 048 72
1.8
6.58 046 097 125 2.57 3.69 0-50 70
i 1.
5.83 035 0.77 1.05 2.08 3.03 Philadelphia, PA i 047 62
4.09 0.36 075 1.00 1.97 3.6 St Louis, MO 8 0.69 62
] Washington, DC 1.3 0.42 74
' i(Ifa,mfea’ fram LLS, EPA (1977, Ch. 7).
J 1) = mass median diameter.

¢ quarterly composites. During the period 1970—1974, the arithmetic mean
alues were 0.09, 0.05, 0.14, 0,11, and 0.11 ne/m>, respectively. Correspondmg
ometric mean values were 0.04, 0.01, 0.09, 0.07, and 0.08 ug/m”, respec-
tively, while maxima for the 5 years were 1.47, 1.13, 1.05, 0.94, and
3 pg/m’, respectively. Unlike the measures of central tendency, the max- |
‘show a downward trend from 1970 to 15674. i

d Percentile Distribution of Nonurban Air
from Nonurban Stations, 1970—1974%"

i Percentile Distribution
Maximum

m* (ug/m®) 10 50 70 95 99

1.47 0.00 0.00 0.00 0.38 0.3 Mean values of air lead concentration were on the order of 10- to 20-fold i
1.13 0.00 0.00 0.00 0.20 078 - er for nonurban versus urban monitoring reports, but maxima for the two
105 001 011 047 039 095 ategories varied less, about fourfold lower. The latter likely reflects the
princ ipal contributor to nonurban air lead, point source contributions such as
0.94 0.02 006 013 039 0.70 ssmelters. The nonurban sites are typically located in more remote areas,

0.53 0.01 ©.09 0.14 0.32 0.50 the Midwest and West.

Table 6.5 presents mean air lead values in 1970 for six major U.S. cities
ell as data for lead-bearing particle sizes. The mean air lead con-
/ ¢nirations for Chicago, Cincinnati, Denver, Philadelphia, St. Louis, and

hington, DC, were 3.2, 1.8, 1.8, 1.6, 1.8, and 1.3 pg/m?®, respectively.
rage sizes of measured air particulate ranged from 0.42 to 0.69 pm aver-
ge MMD, while the percentages of particles =1 pm ranged from 59% to
The fraction of lead in the small particle fraction indicates both a size
longer geographic reach and a size that is respirable by human

nd 1974. Median (50th percentile} air lead:
parative relationship, at 1.05, 1.01, and'
nectively, followed by declines to 0.77 and
5. Maxima for these years were 5.83, 6.31, )
Fable 6.6 depicts ambient air lead statistics gathered by the U.S. EPA for
3, the Seven-City Study of U.S. air lead for commercial, industrial, and
sidential monitoring sites, The U.S. cities were Chicago, Cincinnati,
ston, Los Angeles, New York, Philadelphia, and Washington, DC. Data
orted are broken into monthly mean, minimum, and maximum values.

ilarly provided for nonurban air lead values
in Table 6.4. Here, the picture is less clear
ent, giving no definitive trend. Results also
itoring stations and variability in the numbet
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TABLE 6.6 U.S. Ambient Air Lead Statistics® for the Seven-City Study:
Chicago, Cincinnati, Houston, Los Angeles, New York, Philadelphia, and
Washington, DC?

Monthly Level (ug/m®)

City Site Type® Minimum Maximum

Chicago, 1L C . 25 6.7
1.7 7.0

2.1 4.7

Cincinnati, OH . 1.3 3.1
1.2 2.8

0.8 2.6

Houston, TX R 1.1 3.1

0.6 1.8

Los Angeles, CA . 0.1 0.3

o 0.3

New York, NY — -

14 1.0 1.8

Philadelphia, PA 2.8 1.9 3.9
2.2 1.5 3.0
1.3 0.8 1.9

Washington, DC 1.4 3.1 2.0

R 1.5 1.1 1.8

*From Tepper and Levin 1975. As discussed and cited in ULS, EPA (1977, Appendix C).
“Adapted from U.S. EPA (1977, Appendix ).

“C = commercial; | = industrial: R = residential.

Intean of multiple vaiues for site types, mainly 12 months of data.

Some comparisons cannot be made for a site category across cities because:
data were not available. Nonetheless, all stations for these cities reported res-
idential area monitoring measurements, while all but one city reported com-" -
mercial district air [ead concentrations.

e e e T
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city reporting the highest residential and commercial district values
0. Mean, minimum, and maximum residential air Pb concentra-
ore 3.3, 2.1, and 4.7 ug/mB, respectively. Los Angeles provided the
alf.lead results, with the mean, minimum, and maximum concentra-
o 0.2, 0.1, and 0.3 pg/m”, respectively. Mean data for the remain-

ve cities in descending order were 1.5, 1.5, 1.4, 1.3, and 1.0 pg/mg’ for
hington, DC, Cincinnati, New York, Philadelphia, and Houston, respec-
Thie air lead values reflect mobile lead emissions from vehicular con-

ead Statistics® for the éevemCity Study:
, Los Angeles, New York, Philadelphia, and

Monthly Level {ug/m®y?

Y Mean Minimum Maximum -

4.5 2.5 6.7
17 17 -0 E:jﬁ_on:of leaded gasoline but clearly other factors are operative. The
iirban character and population densities of each city’s residential
3.3 2.1 4.7 "gﬁably play a role but multiple emission sources of airborne lead
2.0 1.3 3.1 hute. For example, residential air lead values for Chicago are several-
27 19 58 _gﬁer than those of New York, despite similar population density or
‘ greater multiple-unit residential density in New York. Chicago data
'S o8 256 ~flect both vehicular and industrial emissions, a more heterogeneous
1.9 1.1 3.1 multiple lead emission sources to the atmosphere.
_ _ The U.S. air lead levels are presented here for later periods as well.
_ Jater periods generally reflect decline in consumption of lead and con-
10 06 18 ly production of lead (U.S. EPA, 1986a, 2006). There was the major
0.2 0.1 03 line in leaded gasoline consumption due to regulatory restrictions leading
_ - st, a phasedown of the amounts of antiknock additive permitted in fuels
— 19805 and early 1990s, followed by an eventual phaseout, The num-
0.2 0.1 0.3 s of point source lead emissions from primary and secondary lead smel-
- - - iarkedly declined as well.
_ _ Such changes are captured in Table 6.7, which depicts urban air lead
- vels for downtown sites in nine major U.S. cities from 1975 to 1984. Most
T4 10 1.8 ese cities showed air lead quarterly averages on the order of
2.8 1.9 1.9 2.0 pug/m® for the period 1978—1979, followed by declines of 50—70%
99 5 ore from 1980 to 1984, Marked declines in some cities to 15—20% of
. - 3.0 S -
5 figures were reported by 1984.
'3 0.8 19 The tabulated air lead figures for U.S. areas were approximated globally,
1.4 3.1 2.0 ially in major cities outside the United States. In a number of cases, cit-
_ ” utside the United States presented figures greater than those in the
_ ted States for the period 1975—1984. This difference arose in some sig-
. 15 1.1 1.8 nt part from the relatively slower speed of change in lead content of
sed and cited in U.S. EPA (1977, Appendix . ne for non-U.S. vehicular fleets and other lead uses.
Z,‘eg}af Table 6.8 tabulates air lead data for non-U.S. urban areas and rural around
nainly 12 months of data, J & globe, Locations, year(s) of measurement, and reported air lead concentra-
summaries are given. The earliest of the years monitored for each national

le in Table 6.8 show quite high air lead, compared to U.S. data shown in
¢:earlier tables for about the same time period. Sites in Italy, Saudi Arabia,
‘Greece had particularly elevated air lead, ranging from 3.2 to 5.5 ugfnf.
ost cases where multiple years of measurement were noted, declines in
ead are seen post-1979. Table 6.8 also shows that size of urban area or

wade for a site category across cities because
cless, all stations for these cities reported res-
ements, while all but one city reported com-
ations.




k Four different types of reporting downtown commercial sites used. j

TABLE 6.7 Annualized Air Lead Levels®™*© (p.g/mg) for Major U.S. Metropolitan Areas, 19751984
U.S. Urban Areas Pb (ug/m’)
E Boston, New Yorlg, Philadelphia,  Washington, Detroit, Chicago, Houston, Dallas, Los Angeles,
| Year  MA NY PA DC M IL ™ ™ CA
' E 1975 0.93 0.93 - 1.1 0.93 - 2.1 2.8 2.1
1976 — — - 1.0 — — 0.87 0.83 -
1977 0.65 — 1.4 1.4 1.0 — 0.80 1.5 2.1
1978 1.0 1.3 1.3 1.9 — — 1.1 1.5 1.9
1979 0.70 095 1.1 1.7 — 0.60 0.73 0.85 1.0
1980 0.67 — 0.63 -~ 0.33 0.65 0.45 0.4¢ 0.9¢
1981 0.35 - 0.43 — 0.30 0.33 0.55 0.45 1.0
1982 1.0 0.53 — 0.23 — .33 — 0.55 0.80
1983 0.5¢ 0.35 — 0.23 — (.38 0.30 0.70 0.70 o
3]
1984 0.45 0.35 — 0.20 0.15 (.25 0.30 0.38 0.40 E’
3
°Adapted from U.S. EPA (1986a, Ch. 7). =
bAverage of reported quarterly averages given in {J.5. EPA (19864, Ch. 7). =5
%’T
T
2




1.9
1.0
0.90
1.0
0.80
0.70
0.40

2.1

1.5

1.5

0.85
0.40
0.45
0.55
0.70
0.38

0.80
1.1

0.73
0.45
0.55
0.30
0.30

0.60
0.65
033
0.33
0.38
0.25

1.0

0.33
.30
0.15

1.4
1.9
1.7
0.23
0.23
(.20

1.4
1.3
1.1
0.63
0.43

1.3

0.95
0.53
0.35
0.35

ypes of reporting downtown commercial sites used.

0.65
1.0
0.70
0.67
0.35
1.0

0.45

0.50

pted irom U.5. EPA (1986a, Ch. 7).
Average of reported quarterly averages given in U.S. EPA (1986a, Ch. 7).

“Four different t

o

1977
1978
1979
1980
1931
1982
1983
1984
2Adda

&3

Location
Air Ph
Year(s) of Concentration
Measurement (ug/m®) References
1978 0.50 Roels et al, (1980
1979 1.05
Ducaoffre et al. (1990}
1983 0.66
1975 1.30 NAPS (1971-19746)
1975 1.30 NAPS (1971-1976)
1984 0.45 O'Heany et al. (1988)
1975 2.0 NAPS (19711976}
1983 0.33 Ponka et al. (1921)
1979 3.20
19862 176 Chartsias et al. {1986);
: Kapaki et al. (1998)
1284 0.91
19741979 4.5 Facchetti and Geiss (1982)
1980 3.0 Facchetti {1989)
1983 5.5 El-Shobokshy (1985)
1980 1.20
Flinder et al. (1986}
1983 0.50
0.55
.21
1984 —— Page etal. (1988)
(122
0.14
(.44
0.07
19841985 0.05 Del Delumyea and
B . Kalivretenos (1987}
.1
0.01

Continued)
{ Y,




Lead and Public Healg,

Y

{f
TABLE 6.8 Air Lead Level Reports for Locations Qutside the United
States: Urban and Rural Measurements for 1975—1984 —(cont.)

Location

Air Pb
Year{s) of Concentration
Rural Measurement (ng/m®) References

Canada 1984 0.10 O'Heany et al. (1988)

ltaly 19761980 . Faccheiti and Geiss (1982)

Belgium 1978 . Roels et al. (1980)

\. -

level of industrialization is directly related to air lead content. Paris showed
the highest air lead level for French cities, with the lowest value cited for the
small town of Senonches. A similar relationship was noted for Wales.

Table 6.9 depicts peak air lead levels {quarterly maximum average, pg/m”)
reported for 1994 and for all major urban areas of the IInited States with
a population of 1 million or more compiled in the 1990 U.S. Census and
arranged alphabetically. These 48 urban areas are the metropolitan statisti-
cal areas (MSAs), comprising an identified central city and, where indi-
cated, contiguous urban populations. Four did not provide air lead values,
leaving a met of 44 sites. Table 6.9, adapted from U.S. EPA (1995), has
data for monitoring sites which are directed toward the greatest popuia-
tions even though EPA records air lead vatues for nonpopulation monitors
as well, This adjustment avoids the use of anomalous values that capture
large point source air lead emissions that have minimal impact in terms of
numbers of individuals affected.

Of the 44 entries for the largest U.S. MSAs with air lead levels reported
in 1994, over half (N = 25) reported a peak air lead =0.05 ug/m>. A total of
eight MSAs reported air lead in the range of >0.05—0.10 ug/m°, while eight
MSAs had peak air lead values of 0.11—0.30 pg/m>. Three MSAs exceeded
peak air lead of 0.30ug/m®, with the highest level for all MSAs being
0.89 pg/m®. A majority of the locations (57%) had peak air lead of 0.03 ug/rn3
or less. Overall, the 1994 MSAs show peak air lead values that are but a small
fraction of typical U.S. values in the 1970s and 1980s.

The U.S. air lead levels largely showed their maximal decline from peak
values in the 1960s and early 1970s by 1994, with relatively more modest
declines afterwards. However, relative to the picture in 1994, the propor-
tional decline into the 2000—2005 time frame was still measurable.
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urements for 1975—1984 —(cont.}

Location

Air Pb

Concentration

1t (Lg/m®) References
0.10 OHeany et al, {1988;
0.33 Facchetti and Geiss (1982)
0.37 Roels et al, (1980)
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LE 6.9 Peak Air Lead Levels® in Major U.S. Urban Areas™>9, 1994°
1990 Air Lead !
Population {ug/m*) "
2,833,511 =0.05
2,382,172 0.03
1,278,440 0.04
2,870,669 0.01 {
1,189,288 0.05 |
:a_:r!'cbtte, NC~Gastonia, NC—Rock Hill, SC 1,162,093 (.03 |
6,009,974 0.10 i
nati, OH-KY—IN 1,452,645 0.04 ‘
nd-Lorain—Elyria, OH® 2,202,069 0.12 |
_ 1,377,419 0.11
: 2,553,362 0.08
nver, CO 1,622,980 0.07
it, Ml _ 4,382,299 0.07
1,332,053 0.03
3,301,937 0.01
ndianapolis, INF 1,249,822 0.20
City, MO~KS 1,566,280 0.03
eles—Long Beach, CA 8,863,164 0.08
'm_i, FL 3,192,582 0.01
Middlesex—Somerset—Hunterdon, N 1,019,835 0.12
] _agkee—Waukesha, Wil 1,432,149 0.03
inneapolis—St. Paul, MN—W] 2,464,124 Not available
'al"s_ au—Suffolk, NY 2,609,212 Not available
1,824,321 0.30
ew Orleans, LA 1,238,816 0.12
#-York, NY 8,546,846 .11
rfc.)F_kﬁVirgmia Beach—Newport News, VA 1,396,107 .02
2,082,914 0.02
{Continued)
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TABLE 6.9 Peak Air Lead Levels® in Major U.S. Urban Areas®“¢, 1994
(cont.)

1990 Air Lead
Location Population {ug/m’)

Orange County, CA 2,410,556 0.04
Orlando, FL 1,072,748 0.00

Philadelphia, PA—NJ 4,856,881 0.49
Phoenix—Mesa, AZ 2,122,101 0.04
Pittsburgh, PA 2,056,705 0.07
Partiand—Vancouver, OR—WA® 1,239,842 0.27

Pravidence—Fall River—Warwick, RI—MA 1,141,501 Not available
Riverside—San Bernardino, CA 2,588,793 0.04
Rochester, NY 1,002,410 0.04

Sacramentc, CA 1,481,102 0.02

St. Louis, MO—IL' 2,444,099 0.06

Salt Lake City—Ogden, UT 1,072,227 0.05
San Antonio, TX 1,302,099 0.03

San Diego, CA 2,498,016 0.02

San Francisce, CA 1,603,678 0.02
5an Jose, CA 1,497,577 0.02

San Juan-Bayamon, PR 1,086,376 Not available

Seattle-Bellevue-Everett, WA 1,972,961 0.61

Tampa-St. Petersburg—Clearwater, FL™ 2,067,959 0.89
Washington, DC—MD—VA—WV 3,000,504 0.04

*Based on site air lead monitors for MSAs arranged alphabeticaily.
“Quarterly maximum average, ug/im'.
“Defined as MSA with population =1 milfion.
“Population from 1990 census.
SAdapted from LS. EPA (1995, Table A-12).
alue for population-directed monitoring.
8evel for Cleveland jiseff.
’f"v’alue for population-oriented monitoring.
Walue for population-oriented monfioring.
‘Highest population-oriented monitor result.
Impact from an industrial source.
Original value Impacted by an industrial source; highest reading from population-oriented source
used.
THighest population-orfented monitor resuft.

N ' e,
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4 .
TABLE 6.9 Peak Air Lead Levels® in Major UL5. Urban Areas®9, 1994°—
(cont.)

1990 Air Lead
Location Population {ug/m™)

Orange County, CA 2,410,556 0.04

Orlando, FL 1,072,748 0.0C

Philadelphia, PA—NJ 4,856,681 0.49

Phoenix—Mesa, AZ 2,122,101 0.04

Pittshurgh, PA 2,056,705 0.07

Portland—Vancouver, OR—WA¥ 1,239,842 0.27

Providence—Fall River—Warwick, RI—MA 1,141,501 Not availahle

Riverside—San Bernardino, CA 2,588,793 0.04

Rochester, NY 1,002,410 0.04

Sacramento, CA 1,481,102 0.02

St. Louis, MO—IL' 2,444,099 0.06

Salt Lake City—Ogden, UT 1,072,227 0.05

San Antonioc, TX 1,302,099 .03

San Diego, CA 2,498,016 G.02

San Francisco, CA 1,603,678 0.02

San Jose, CA 1,497,577 0.02

San Juan-Bayamen, PR 1,086,376 Not available

Seattle-Bellevue-Everett, WA 1,972,961 0.61

Tampa—5t. Petershurg—Clearwater, FL™ 2,067,959 0.89

Washington, DC—MD-VA-WY 3,000,504 0.04

“Based on site air lead manitors for MSAs arranged alphabetically.
Quarterly maximum average, pg/im.

“Defined as MSA with population =1 million.

dPoputation from 1990 census.

“Adapted from U.S. EPA (1995, Table A-12).

Value for population-directed monitoring,

Sl evel for Clevefand itself.

"Value for population-oriented monitoring.

Value for population-oriented monitoring.

'Highest population-oriented monitor result.

“impact from an industrial source.

'Original value impacted by an industrial source; highest reading from population-oriented source

used.
_

"Highest population-oriented monitor result.
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Is* in Major U.S. Urban Areas™, 19949'—1 ‘ . 0015 —0.019 ug/m® compared to the figure of 0.08 pg/m’ in 1994, a

\ &of about 75%
1990 Alr Lead The most detailed data sets for U.S. national air lead statistics as of this
Population (ug/m?) g are those contained in the Air Toxics Data Archive (2003—2003), a
fort of the U.S. EPA, state/territorial air pollution officials, and local
2,410,556 0.04 control officials (U.S. EPA, 2007a). EPA (2007a) reported air lead in
1,072,748 0.00 tneasured at 189 monitoring sites, 140 of which were wrban areas. The
4 856 881 0.49 ame material reported the national figures for these 3 years using four dif-
— ' “statistical metrics: annual mean, maximum quarterly mean, maximum
2,122,101 0.04 onthly mean, and second maximum monthly mean. For example the
2,056,705 0.07 4] average annual mean for 2003-2005 was 0.09 ug/m the corre-
1239842 0.27 g national maximum quarterly mean was 0.17 pg/m’, the national
— : +um monthly mean was 0.31 pg/m®, and the national second maximum
RI—MA 1,141,501 Not avajlable thty mean was 0.21 ug/m .
2,588,793 0.04 imilar declines were seen for other countries over this period.
1 002,410 0.0 6.10 shows non-U.S. global air lead values reported from 1997 to
1,481,102 0.02 ~
2,444,099 0.06 BLE 6.10 Non-U.S. Global Urban Air Lead Levels, 19972003
1,072,227 0.05 Air Ph (pg/m3) References
1,302,099 0.03 van, Armenia <0.04 Kurkjian et al. (2002)
2,498,016 0.02 stralia roadsides 0.40-1.00 Al-Chalabi and Hawker (1997)
1,603,678 0.07 ' uver, Canada 0.05 Brewer and Belzer (2001)
1,497,577 0.02 , Greece 0.11 Torfs and Van Grieken (1997)
1,086,376 Not available tHarg Kong roadsides 0.13-0.17 Chan et al. (2000)
1,972,961 0.61 : 0.004—0.44 Erel et al. (1997}
, LT 2.067,959 0.89 0.76 Erel et al. (1997)
3,000,504 0.04
- 0.02 Erel et al. (2002)
As arranged afphabetically. A
0.01 Torfs and Van Grieken (1997}
miflion.
0.06 Torfs and Van Grieken (1997}
4-12). :
ing. Spain 0.01 Totfs and Van Crieken (1997)
ing. 0.05-0.11 Sternbeck et al. {2002)
ing.
astit. :
eva, Switzerland 0.05 Chiaradia and Cuppelin (2000)
fal source; highest reading from population-oriented source -
tiningham, U.K. roadsides 0.03 Harrison et al. {2003)
result.

/
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2003. Table 6.10 reports few levels of air lead higher than 0.20 pg/m?®, apy
the latter are for roadside air lead monitoring. The highest measuremeny,
were for Australian roadsides, in the range of 0.40—1.00 pgf’m3 (Al-Chalay;
and Hawker, 1997). Hong Kong roadsides showed values 0.13—0.17 yg/n;?
(Chan et al., 2000), with a value of 0.76 for an expressway betweey
Jerusalem and Tel Aviv, Israel (Hrel et al., 1997). Most reports recorded iy
Table 6.10 were for air lead levels around or below (.10 pg/m”.

Air lead levels in the proximity of stationary sources such as primary apg
secondary lead smelters, battery operations, etc. will be quite elevateq
regardless of the co-occurrence of high lead levels in past years from denge
traffic. Most major U.S. smelters had ceased operations as of this writing,
There is one remaining primary lead smelter operating in the US., i
Herculaneum, MO, and there are 15 U.5. sccondary smelters (U.S. EP4,
2007b). Table 6.11 depicts representative air lead levels near U.S. stationary
lead emissions sites from the 1970s to the present. The listing is skewed tg
earlier years because the number of these facilities has dropped, as have their
emissions of lead. Nonetheless, recording air lead levels for these operations
regardless of period provides a measure of the exient of atmospheric lead
deposition on impacted soils and other surfaces.

Measurements of Iindoor Air Pb Levels

Human exposures to air lead by direct inhalation are a combination of out-
side ambient and interior air lead. Yocum (1982) reported that U.S. homes
and other buildings without air conditioning have indoor/outdoor air Pb
ratios higher than those with air conditioning or those that are otherwise bet-
ter sealed. A typical range for the former is 0.6—0.8, while for the latter it is
0.3-0.5. Davies et al. (1987) reported a ratio of 0.6 for UK. dwellings with
young children, a figure similar to that of Diemel et al. (1981} for tested resi-
dences in Arnhem, a Dutch community with a secondary lead smelter. The
U.S. EPA, in its guidance material for its Integrated Exposure-Uptake
Biokinetic (IEUBK} model for predicting lead exposures in children up to
84 months of age (U.S. EPA, 1994}, emplovs an indoor air lead fraction of
0.3 that of outdoor atmospheric levels.

6.3.2 Lead-Based Paint

Lead in paint has long been recognized as an environmental source that pro-
vides the most serious levels of lead exposure for human risk populations
and associated lead peisoning (see Chapters 7 and 8). Children are at particu-
lar risk, especially infants and toddlers. The severity of lead paint poisoning
differs geographically around the globe and geographically within the United
States, the country most severely impacted by production, sale, and use of
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vels of air lead higher than 0.20 pg/m®, and
ead monitoring. The highest measurements
1 the range of 0.40—1.00 pg/m® (Al-Chalab;
> roadsides showed values 0.13—0.17 pg/m®
alue of 0.76 for an expressway between
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Location Air Pb (ug/m”) References

10.3 (<01 mi)
8.6 {1-1.5 mi}
4.9 (2.5—6 mi}

Silver Valley, (D Yankel et al. (1977)

2.5 (615 mi)

5.0
Mclntire and

attery plants Omaha, NE May—Novembar  Angle (1973)
1970 composite
: 2.7 (4.8 km}
Ph smelter E!l Paso, TX U.S. EPA (1977)
2.4 (2.4 km}

East Helena, MT 3.9 (0.5 m}) U.S. EPA (1977)

to that of Diemel et al. {1981) for tested res

nmunity with a secondary lead smelter. The
aterial for its Integrated Exposure-Uptake
predicting lead exposures in children up to
994), employs an indoor air lead fraction of

i Y
dary Pb smelter Southern Ontario, Linzon et al. (1976)
Canada 5.1
Meza Valley, U.S. EPA (1977);
Po smelter former Yugoslavia 24.2-384 Fugas et al. (1973)
ry Pbsmelter  California ' 1.7-4.0 Kimbrough and
Suffet {1995)
; 2001: 1.3
) Herculaneum, T a U.S. EPA (2007a,
ary Ph smelter MG _2?_?2_04__._ Attachment B-22)
2003: 0.4
Ajo, AZ 0.3°

b
Anacenda, MT 0.3 Hartwell et al.

Bartlesville, OK  0.4° (1983)

Palmerton, PA 0.3

levels.

Arnhem, the ¢.3-0.5 Diemel et al. (19871)

Netherlands

gnized as an environmental source that pro-

pe annual values for nine EPA Alr Quality System (AQS) monitors, U.5. EPA (20072,
e B-2),
Pb values closest to the smelter, reference distances differing among smeftess,

f lead exposure for human risk populations
2¢ Chapters 7 and 8). Children are at particu-
sddlers. The severity of lead paint poisoning
> globe and geographically within the United
ly impacted by production, sale, and use of

obe has been fully free of lead paint risk.

aint as a lead-bearing environmental medinm differs qualitatively and
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LBP applied decades ago still exists on residential surfaces in miltiong of
residences and other facilities occupied by young children., As such, it wip
continue to provide lead exposures to young children until these millions o
units are rendered either lead-free or lead-safe for many years,

We characterize lead paint reservoirs in terms of decades, in contrast t
lead emissions to the atmosphere where the emissions are associated with g
lead changes that are on the order of hours or days in duration. A second
contrasting element is that of the nature and extent of lead dispersal via vari.
ous pathways. While the atmosphere (scaled as to specific areas or regions)
is the common conduit for lead from emission sources, lead paint in each of
the millions of U.S. residential units that contain it provides microscale rigg
across a macroscale of distribution.

LBP in the United States is an environmental medinm broadly confined ¢, -
the nation’s older housing stock and its contiguous environmental compart-
ments such as lead in building perimeter, i.e., “drip-line” soils, where lead
comes mainly from exterior lead paint weathering and deposition onto contig.
uous surfaces. It is therefore appropriate to attempt to quantify the magnitude
of the U.S. lead-paint problem by looking at various housing surveys. In par.
ticular, these are (1) the 2001 U.S. national housing survey for lead based op
& representative sampling; (2) the 1997 American Housing Survey as a view
of the national distribution of lead-painted housing; and (3) another national
distribution survey called the Current Population Survey presented in 1999,
Collectively, they provide the most reliable current picture for the U.S, lead
paint problem. Of these, the 2001 National Survey of Lead and Allergens in
Housing (NSL.AH) is the most useful for purposes of this chapter and is a
principal focus of this section (Jacobs et al., 2002; NSLAH, 2001).

Lead-containing paint as a medium for potential lead exposures for chil-
dren and other risk groups is particularly complex for characterizing the
nature and extent of human contact. First, lead paint’s hazard as a solid su-
face on different residential areas and interior or exterior building compo-
nents varies with the lead level {concentration of lead in paint samples) or
loading (amounts of lead per unit area of measurernent). These aspects were
presented in the analytical measurements portion of this chapter. Surface
condition, with deteriorating surfaces posing more of an overall risk to resi-
dents than surfaces in good condition at some specific instant in time, is
another factor. This is not to imply that intact surfaces pose no risk. The reg-
ulatory scientific literature for LBP with regard to lead content, hazards to
children’s health from lead paint as a function of condition, etc., is a signifi-
cant body of data. These topics are presented and discussed in more detail in
a later part of this monograph. Here, these factors are included to the extent
they are required to quantitatively describe the overall lead paint exposure
picture for risk groups such as young children.

Both current and historic U.S. nationwide lead paint statistics are pre-
sented here for lead paint as a discrete lead source per se. Environmental
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(TABLE 6.12 U.S. Prevalence Rates® of LBP in Housing” by Region a
Ages of Housing

e —

Estimated Estimated o
Number of Units of Units
Region Years Built with LBP (§00) with LBP

Pre-1940 5,957 86

19401959 3,089 73

Northeast
1960—-1977 1,478 39

1978—1998 76 2

Regional subtotal/% LBP® 10,300 27
Pre-1940 4,658 491

1940-1959 4,785 81

Midwaest
1860—1977 1,771 28

1978—-1998 533 "

*Regional subtotal/% LBP® 11,747 31
Pre-1940 3,065 89

1940-1959 3,431 54

19601977 1,914 17

1976-1998 1,197 8

Regional subtotal/% tBP® 8,607 25

Pre-1240 1,437 71

1940-1959 2,866 69

1960~1977 1,414 22

1975—1998 225 4

Regional subtotal/% LBP~ 5,942 16

Tota! U.5, housing units: 95,688,000; tatal .5, LBP-containing units: 37,897,000; % of tota) with
LBP: 40.

“Adapted from NSLAH (2001),

PAs defined by LLS. EPA (2001) and (.S, HUD (1999); Pb loading, XRF: =1.0 mg/cm 2,

Fb concentration =0.5%. J

“Regional percent of total 37,897,000 U.S. i BP units.

Persistence of sizeable percentages of LBP in housing in all four regions
from 1940 to 1959 is evident in Table 6.12. Percentages for this period seen
in the Northeast, Midwest and West regions are generally not greatly less
than those for pre-1940 housing, at 73%, 81%, and 69%, respectively.
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Rates® of LBP in Housing” by Region and BLE 6.13 U.S. Prevalence Rates® of LBP” from Housing with Children
‘Years Old® by Age of Housing
Estimated Estimated % Estimated Number Estimated % |
Number of Units of Units - using Ages of Units {000) with LBP with LBP Uniis
ars Built with LBF (000) with EBP . 2,253 94
Pre-1940 5,957 86 '_1959 1.997 5
40—1959 3,089 73 1977 876 17
60-1977 1,478 39 51098 202 3
78-1998 76 2
al vesidential units with young children: 16,402,000; total LBP-containing units with young
10,300 27 dren: 5,328,000; % with LBF; 32,
: 'ted from NSLAH {2007).
Pre-1940 4,658 91 sfined by U.5. EPA (2007) and U.S. HUD (1999): Pb loading, XRF =1.0 mgiom?,
40—1959 4,785 81 y.
60-1877 1,771 28
78—1598 533 11 _ . )
aé area of concern about the persisting presence of LBP in U.S. housing
a7 3 equally persisting potential exposure threat to residents, particularly
Pre-1940 3,065 89 se-children. The U.S. CDC in its 1991 and 2005 Statements on childhood
A0—1959 3,431 54 d pd1son1ng defined young children less than six years of age as that sub-
the population at highest risk because of various behavioral and devel-
60-1977 1914 7 iital vulnerability factors (U.S. CDC, 1991, 2003).
78-1998 1,197 8 ‘Table 6.13 presents estimates of the number of U.S. housing units with
9,607 5 1 LBP and one or more children <6 years of age as a function of housing
e oldest housing, pre-1940, was estimated in the 2002 NSLAH survey
Pre 1540 1437 A vé 2,253,000 housing units with both LBP and one or more young chil-
401959 2,866 69 ‘his comprises 94% of all units built pre-1940. The survey estimated
501977 1414 22 000 residential units had both one or more children and LBP for the
021959 period, 65% of all units in that housing age group. For the
78-1958 225 4 1977 and 1978—1998 periods for housing construction, the counts of
5,942 16 with both LBP and one or more young children were 876,000 and

otal U.5. LBP-containing units: 37,897,000; % of total with

02,000, respectively. The corresponding percentages with LBP were 17%
d:3%, respectively.

erall, using the survey figures, there were 16,402,000 U.S. residential
with young children, and of these, 5,328,000 or 32% had LBP.
tbanization as a factor in the relative likelihood of U.S. housing units
g LBP was presented and quantified in this survey, as summarized in
6.14. Urbanization referred to (1} presence in or outside an MSA as
inéd by the U.S. Bureau of the Census; and/or {2) presence in one of two
categories differing in population size as also defined by the U.S.
i of the Census, Those U.S. MSAs with a population of 2,000,000 or
bHei had 24,967,000 residential units, of which 8,963,000 or 36%

S. HUD (18995 Pb loading, XRF: =1.0 mgfom 2,

.5, LBP units,

entages of LBP in housing in all four regio
n Table 6.12. Percentages for this period seeft
1 West regions are generally not greatly les'S.;:
o, at 73%, 81%, and 69%, respectively.
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.
TABLE 6.14 U.S. Prevalence Rates® of LBP® in Housing by Extent of
Urbanization®

Estimated Number Estimated
of Units with % Units
Degree of Urbanization LBP (000) with LBP

Total number of units (000) in 8,963 36
MSAs =2 million population 24,967

Total number of units (300} in 16,250 38
MSAs =2 million population 42,782

Total number of units (000) not in 10,046 46
an MSA 21,808

Total units in MSAs = 67,749,000; total units with LBP in MSAs = 25,213,000; % all MSA units
with LBP = 37.

“Adapted from NSLAH (2001).

545 defined by U.5. EPA (2001) and ULS. HUD (1999). Ph foadling, XRF; =1.0 mgicn;

Fb concentration: =0.5%.

“Based on data from (.S. Bureau of the Census.

. ./

contained LBP. MSAs with <2,000,000 population had 42,782,000 units, of
which 16,250,000 or 38% had LBP. There were a total of 21,808,000 units
outside of these MSAs, of which 10,046,000 units or 46 % contained LBP,
The non-MSA tally excluded units not characterized or assigned to some
metropolitan grouping. Overall, level of urbanization was not as significant a
variable in prevalence of LBP in housing units as other variables such as age
of housing and geographic location,

In the late nineteenth and twentieth centuries in U.S. households, LBP was
used for both intertor and exterior surfaces. Each type of surface presented dif-
ferent potential risks for contact and potential human exposures. Interior LBP
posed the more significant risk in terms of duration of typical contact for
young children, especially infants and toddlers. However, exterior lead paints
produced a broader reach for lead contact through higher detetioration rates
and wider dissemination of deteriorated paint residues. For example, exterior
lead paint readily weathered over time and shed fine, high-hazard particles
onto contiguous soils and as exterior dusts.

Table 6.15 presents U.S. prevalence rates for LBP-containing surfaces in
housing units as a function of location within the housing structures: interior
surfaces, exterior surfaces, or both interior and exterior surfaces. The survey
estimated that 8,609,000 U.S. units or 9% of all units with LBP had interior
LBP on some surface. By contrast, the U.S. prevalence rate for exterior sur-
faces was more than double the interior rate, 20,260,000 cor 21% of LBP
umits. An estimate of 9,028,000 units, or 9% of all LBP units, is recorded in
this table for those units having LBP on both interior and exterior surfaces.
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Rates® of LBP® in Housing by Extent of ‘15 U.S. Prevalence Rates® of LBPP in Housing by Location in the
Estimated Number Estima{e—d- Estimated Number of Estimated %
of Units with % Units - Units with LBP (000} with LBP
LBP {000) with LBP Ciarior surface 8,609 9
§,963 36 .
967 e exterior surface 20,260 21
16,250 38 teriar and interior surfaces 9,028 9
782 building: 57,797,000; % with L3P somewhere in building: 40.
el from NSLAH (2001). }
n 10,046 46 Jined by U.S. EPA (2001) and U.S. HUD (1999): Pb loading, XRF: =1.0 mglem’; Ph
ation =0.5% total units with LBP somewhere in hullding: 37,897,000. .
tal units with LBP in MSAs = 25,213,000; % all MSA units
.5 HUD (1999). Pb loading, XRF: =1.0 mg/em®; ™
he Consus. . 6.16 US. Housmg Dlstrlbutlctns of Highest Paint l.ead Loading on
Interiors as a Function of Housing Age
. b % of Units = Indicated Highest Pb
. ) ximum Loading . .
22,000,000 population had 42,782,000 units; o re asing Pb Loading by Housing Age
d LBP. There were a total of 21,808,000 unit unt{mg/em®  Pre-1940  1940-1959  1960—1977  1978-1998
hich 10,046,000 units or 46 % contained LBP :
d units not characterized or assigned to somy 83 59 21 °
11, level of urbanization was not as significant: 79 46 16 4
> 3 1 3 « P
in housing units as other variables such as ag 72 41 12 3
cation.
wentieth centuries in U.S. households, LBP wa 60 19 6 !
rior surfaces. Each type of surface presented dif: 38 7 2 1
ict and potential human exposures, Interior LB
L . . d from NSLAH (2007).
sk in terms of duration of typical contact fo ing as maximum XRF reading (mg/cm?} in the housing unit.
ants and toddlers. However, exterior lead paint - /

-lead contact through higher deterioration raig
eteriorated paint residues. For example, exterig
over time and shed fine, high-hazard particle
xferior dusts.
prevalence rates for LBP-containing surfaces i
f location within the housing structures: interio
- both interior and exterior surfaces. The surve
. units or 9% of all units with LBP had interi¢
ntrast, the U.S. prevalence rate for exterior sur
the interior rate, 20,260,000 or 21% of L
00 units, or 9% of all LBP units, is recorded
ing LBP on both interior and exterior surfacé:

atively, about three-guarters of all LBP units—29,288,000 units—
terior surfaces covered with LBP with or without interior LBP.
ritical factor in the level of toxicity risk posed by LBP is the level of lead
ing or lead concentration. The former is indexed in units of mg Pb/cm” on
d- surfaces using XRF detection (see Section 6.1) while the latter
loys content of Pb per unit mass, typically as % Pb. All other factors
qual, the magnitude of Pb exposure hazard increases with the
in Pb loading or concentration. Table 6.16 tabulates the relation-
f the U.S. prevalence rates for selected threshold maximum lead
ngs as a function of housing age. In general, the older the housing,
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TABLE 6.17 U.S. Housing Distributions® of Highest Paint Lead Loadings®
on Unit Exteriors as a Function of Housing Age

% of Units with Indicated Highest

Maximum Pb Loading Pb Loadings by Housing Age

in Paint by Increasing
Pb Amount {(mg/cm?) Pre-1940  1940-1959  1960-1977 19781998

=0.6 76 64 18

=1.0 72 59 13

=13 71 56 11

=4.0 56 28 6

=10.0 41 10 2

2Adapted from NSLAH (2001).
LLoaa‘ing as a maximum XRF reading (mg/cm®) in the housing unit.

—/

the higher the percentage of maximum Pb loadings found in housing in
the age band. This relationship prevails for interior surfaces, exterior sur-
faces, or LBP surfaces anywhere in the residential units.

Table 6.16 shows that, in pre-1940 housing, the rates at any threshold for
the maximum measured Pb loading in housing interiors are much higher
than those in any other housing age group. For example, maximum threshold
Pb loadings =1.3, 4.0, and 10.0 mg/cm2 in interiors occurred in pre-1940
housing at rates of 72%, 60%, and 38%, respectively. For the 1940-1959
age band, the corresponding Pb leading rates were 41%, 19%, and 7%.
Measurable lead loadings above the definition of LBP were still estimated in
the most recent age of housing, 197§—1998.

Table 6.17 similarly shows that in pre-1940 housing, the rates at any
threshold for the maximum measured Pb loading on housing exterior sur-
faces were much higher than those in any other housing age group. For
example, maximum threshold Pb loadings =1.3, 4.0, and 10.0 mg/em?
oceurred in pre-1940 housing exterior surfaces at rates of 71%, 56%, and
41%, respectively. For the 1940—1959 age band, the corresponding Ph load-
ings in exteriors were 56%, 28%, and 10%. Measurable lead loading above
the definition of a positive LBP reading at the =1.3 mg Ph/cm® threshold
was also estimated for exteriors in the most recent housing studied,
1978—1998.

Table 6.18 shows that the percentage rates at any loading threshold for
the maximum measured Pb loading in housing with LBP anywhere in the
structures were highest in the oldest pre-1940 subset of housing stock in the
United States. Prevalence rates for loadings =1.3, 4.0, and 10.0 mg Ph/cm?®
pre-1940 were 84%, 73%, and 55%, respectively. Moving through younger
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ributions® of Highest Paint Lead Loadings”
n of Housing Age

% of Units with Indicated Highest
Pb Loadings by Housing Age

)40 1940-1959  1960-—1977  1978-—1998

64 18 7
59 13 3
56 11 3
28 § 0
10 2 0

ng/cm’} in the housing unit.

ov | b
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.18 U.S. Housing Distributions® of Highest Paint Lead Loading® on
s Anywhere in Building as a Function of Housing Age
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maximum Pb loadings found in housing i
p prevails for interior surfaces, exterior sur:

2re in the residential units.

e-1940 housing, the rates at any threshold for.
vading in housing interiors are moch higher
- age group. For example, maximum threshold:
).0 mg/em® in interiors occurred in pre-1940.
and 38%, respectively. For the 1940—1959:
Pb loading rates were 41%, 19%, and 7%
e the definition of LBP were still estimated in:

s

- 1978—1998.

s that in pre-1940 housing, the rates at any
easured Pb loading on housing exterior sur:
those in any other housing age group. For.
| Pb loadings >1.3, 4.0, and 10.0 mg/cm®
exterior surfaces at rates of 71%, 56%, and:
0—1959 age band, the corresponding Pb load
%, and 10%. Measurable lead loading above.
3P reading at the =1.3 mg Pb/cm” threshold
riors in the most recent housing studie

percentage rates at any loading threshold for
ading in housing with LBP anywhere in the
ldest pre-1940 subset of housing stock in the_.
, for loadings =1.3, 4.0, and 10.0 mg Pb/em’.
- 55%, respectively. Moving through young

) g

OECONOMIIC reasons.

ng stock, the percentage of units meeting those thresholds in Pb load-
clined significantly. A comparison of the two highest Pb loading
olds in Table 6.18 demonstrates marked declines in percent occur-
across the four housing age groups, ranging from 35% for the highest
ig pre-1940 to 1% in housing built between 1978 and 1998.

terioration of lead-painted surfaces in the form of peeling, chipping,
o, and chewing can provide added risk of lead exposure over that pro-
by LBP surfaces assumed to be relatively intact. Central to any discus-
£ the role of deterioration in defining exposure risk is the need to keep
nd that all intact and accessible LBP surfaces can readily transition to
‘¢s in some stage of deterioration for a variety of environmental and

ble 6.19 depicts the rates of deteriorated and significantly deteriorated
urfaces in U.S. housing units as a function of age of the housing unit.
o U.S. EPA (2001) and U.S. HUD (1999) for regulatory characteriza-
- degrees of deterioration. Of 37,897,000 U.S. units with LBP,
25.000 or 46% had one or more deteriorated LBP surfaces while
5,000 or 36% had one or more significantly deteriorated LBP surfaces.
iese overall tallies, pre-1940 housing units were 9,866,000 or 26% of all
LBP housing units. Similarly, pre-1940 units with significantly deterio-
‘EBP swfaces comprised 7,752,000 units, 20%, of U.S. LBP units,
ng units with deteriorated LBP built from 1940 through 1959 amounted
0,000 or 17% of all units with LBP, while 5,190,000 or 14% of the
BP group were estimated to have significantly deteriorated surfaces.
 figures are consistent with the data showing that older housing has
r .rates of deteriorated LBP surfaces and significantly deteriorated
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(TABLE 6.19 U.S. Prevalence Rates* of Deteriorated and Significantly
Deteriorated LBP Surfaces by Age® of Housing Stock Versus All LBP
Housing

A —

Number of % of Total
Number of Units with with
Units with Significantly Significantly
Housing Deteriorated % of Total  Deteriorated Deteriorated
Age Band LBP (000) LBP Units LBP (000} LBP

Pre-1940 9,866 26 7,752 20

1940-195¢9 6,510 17 5,190 14

19601977 910 2 610 1.6

1978-1998 139 0.4 83 0.2

Total units/% 17,425 46 13,635 36
all LBP

Total number of units with LBP = 37,897,000; total number of units with deterforated

LBP = 17,425,000; total number of units with significantly deteriorated LBP = 13,635,000.
“Adapted from NSLAH (2001, Table 4.2).

b4s defined by LS. EPA (2001} and U.S. HUD {1999),

_

surfaces. Pre-1940 housing was that block of U.S. housing stock constructed
in the period with highest use and consumption of LBP for home construc-
tion and repainting. At the other extreme, units painted in 1978 or later were
those built after the Federal ban on interior LBP and most uses of exterior
residential LBP.

Table 6.20 presents prevalence rates for deteriorated and significantly
deteriorated units as a function of location in their structures.

Distributions of national total and individual unit average surface areas
with LBP are given for interiors and exteriors of U.S. housing stock in
Tables 6.21 and 6.22, respectively. Table 6.21 shows the national total and
individual average LBP surface areas for interiors to be 7,448 million square
feet and 259 square feet, respectively. Of the total national and typical LBP
individual values, the highest contributor is from the wall—floor—ceiling cat-
egory. Table 6.22 shows that the total national square footage for exterior
surfaces is 29,159 million square feet while the average unit exterior LBP is
996 square feet. For both categories, the “wall” portion is the principal
contributor.

It is important to keep in mind that there is no direct relationship between
the area of any given LBP residential unit and the relative hazards to chil-
dren for lead exposures. The lead exposure hazard is more a function of like-
Iihood of contact, where deteriorated LBP on interior window sills and
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Rates® of Deteriorated and Significantly 6 ﬁo Estimated Prevalence Rates® of Deteriorated and Significantly
y Age” of Housing Stock Versus All LBP iorated” LBP in U.S. Housing Units with LBP
. Deteriorated Number of Significantly
Number of % of Total Number of  LBP Units as  Units with Deteriorated
Units with with Units with % Total Significantly ~ LBP Units as %
Significantly Significantly Deteriorated Housing Deteriorated  Total Housing
% of Total Deteriorated Deteriorated LBP (000} Units LBP (000) Units
_BP Units LBP (000) LBP 4,180 4 2,629 3
6 7,752 20 7,009 7 3,487 4
7 5,190 T4 6,236 7 7,518 5
2 610 1.6 - rior surfaces
0.4 83 0.0 17,425 18 13,634 14¢
16 13,635 36 housing units = 95,688,000,
d from NSLAH (2007, Table 4.3).
) eiined by U.S. EPA (2001) and ULS. HUD (1999)
397,000; total number of units with deteriorated nding. Y,
Vits with significantly deteriorated LBP = 13,635,000 =
.2},
LS. HUD (1999,
TABLE 6.21 National and Singte-Unit Amounts of LBP Surface Areas (fth
2 i a,b
s that block of U.S. housing stock constructed ﬂ terior Components
> and consumption of LBP for home constru National LBP
ier extreme, units painted in 1978 or later wert Square Footage Average LBP Area
van on interior LBP and most uses of exterio (000,000) (ft*)/Housing Unit
. . : ! ili 4,993 173
ence rates for deteriorated and significantly floor, ceiling
1 of location in their structures. 687 2
otal and individual unit average surface areas 911 32
riors and exteriors of U.S. housing stock it 299 -
ively. Table 6.21 shows the national total and 2
e areas for interiors to be 7,448 million square biniets, beams, chimney 3e8 13
ectively. Of the total national and typical LBP 7,448 259
contributor is from the wall —floor--ceiling cat
; s inted from NSLAH (2001).
the total national square footage for exterior BF as defined by (.5 EPA (2001) and U.S. HUD (1999).
are feet while the average umit exterior LBP is /

ategories, the “wall” portion is the principa

ind that there is no direct relationship betweet
sidential unit and the relative hazards to chil=
2ad exposure hazard is more a function of like
criorated LBP on interior window sills and

1s (wells) may pose more immediate exposure threats, as discussed in a
chapter, than LBP-covered ceilings with evidence of peeling or chip-
paint. This is not at all to say that peeling and chipping LBP from poor-
ndition ceilings and walls pose little health hazard.
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(TABLE 6.22 National and Single-Unit Average LBP Surface Area ft3) for
Exterior Components®®

e,

National LBP Square Average Unit [ gp
Component Footage (000,000} Surface Area

Wall 26,706 912

Window 365 12
Door 446 15
Trim 556 19
Porch 1,086 37

Total 29,159

“Adapted from NSLAH (2007).
[’I_BP as defined by U.S. EPA (2001 and LS. HUD (1999).

6.3.3 Lead in Interior and Exterior Dusts

Dusts are technically defined as solids consisting of small particulate mater;.
als that in turn derive from a variety of materials through diverse processes
of deterioration. While dusts can consist solid particulates of any size, those
which both contain lead and arise from environmental transformations of
lead sources are generally considered to have an average diameter of 50 ym.
Interior and exterior lead-containing dusts, especially the former, are
known to be one of the most important, i not the most important, pathways
by which lead from origiral sources, in ambient air and/or in exterior or inte-
rior paints, enters human environments and then enters the bodies of exposed
populations, notably young children. Pathways for generation of dust lead
can occur directly from these sources or can occur indirectly. For example,
interior dust lead levels or loadings can occur via deposition of particulate
lead from the atmosphere directly to interior surfaces or through initial Ioad-
ing onto exterior surfaces, The indirect path can involve interim Pb deposi-. -
tion on soils and then lead migration from soils to interiors as dusts. Another
indirect pathway for interior dust lead is “take-home™ or occupational sec- -
ondary exposure lead, where workplace leaded dusts in a leaded work envi-
ronment adhere to workers’ clothing, shoes, etc. and are cartied home in the
absence of washing or clothes-changing facilities at work, :
For purposes of calegorizing environmental mobility,
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gle-Unit Average LBP Surface Area () for

surfaces, in turn, can readily arise from either or both mobile and

atmospheric lead sources.
in the way of quantitative information on lead content of dusts

ional LBP Square
tage (000,000)

———

Average Unit LB
Surface Area

human populations appears in the literature before the late 1960s
970s, for many of the same reasons that air lead data were little

d- absence of both acceptable analytical Pb methodology and statisti-

706 e iandardized sampling methods. By the 1970s, measurements of dust
365 12 -ing to mobile sources, ie., vehicular emissions of leaded gasoline
146 15 ust tor from stationary source air lead emissions like those from smel-
re appearing in the scientific literature.
356 19
)56 37 .
in Exterior Dusts
996

159

nd U.S. HUD (1999).

ficant exterior (outside) leaded dust deposition occurred near vehicular
otably in the decades of leaded gasoline use for private and com-
1'vehicles (U.S. EPA, 2008b). Table 6.23 tabulates dust lead measure-

1 Exterior Dusts

as solids consisting of small particulate materj
variety of materials through diverse processs
can consist solid particulates of any size, thos
~arise from environmental transformations o
sidered to have an average diameter of 50
-containing dusts, especially the former, ar
important, if not the most important, pathway:
urces, in ambient air and/or in exterior or inte
ronments and then enters the bodies of exposed
hildren. Pathways for generation of dust lead
sources or can occur indirectly. For example,
adings can occur via deposition of particulate
ctly to interior surfaces or through initial load:
e indirect path can involve interitn Pb deposi:
oration from soils to interiors as dusts. Anothér
dust lead is “take-home” or occupational sec
workplace leaded dusts in a leaded work envi
othing, shoes, etc. and are carried home in the
-changing facilities at work,
ng environmental mobility, one can subdivide
1: exterior leaded dusts from atmospheric depo:
vaints and interior dusts from atmospheric lead
ts. Atmospheric lead deposition to interior of

osults expressed in units of concentration for some illustrative U.S.
icilar traffic areas recorded in the late 1960s and 1970s. Measurements
ally ranged up to about 10,000 ppm, and in the case of tunnels, up to
00 ppm. Table 6.23 generally depicts the high dust lead concentrations
tired at U.S. roadsides close to motor [anes in those years of high leaded
gline consumption, consisting of heavier fractions of auto exhaust particu-
i settled close to the roadways soon after emission.

able 6.24 presents U.S. roadside dust lead figures as dust lead loading
nto receiving surfaces from atmospheric lead deposition in this same
f high-leaded fuel use. This table depicts lead loading results for out-
nusts sampled in 77 U.S. Midwestern cities. Three cities had the highest
cad 6ading rates indexed by type of outside lead deposition: residential,
h'Bend IN; commercial, Nashville, TN; industrial, Omaha, NE. Cities in
articular survey overall showed the geometric mean of deposition rates
st: for industrial locales, intermediate for commercial sites, and lowest
esidential areas. The highest comparative finding for industrial zones is
sgxpected based on contributions from both stationary and mobile lead
sion sources. Residential areas were lowest in lead deposition, showing
an’auto traffic contribution and lower traffic densities than for commer-

hese data for U.S. locations with elevated roadway/outside dust lead
ues in the era of high leaded gasoline consumption were largely repli-
| for non-U.S. findings in developed areas around the world with rela-
large vehicular fleets and densely populated urban areas. Table 6.25
ws the case for locales in Europe, Asia, Canada, etc.

vadway and other outside dust lead levels declined with the phasedown
phaseout of leaded gasoline but the rate of decline has been understand-
slow given the long-term retention of deposited dusts in roadside soils
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/
TABLE 6.23 Illustrative U.S. Roadside Dust Lead Concentrations (ug/g) in
the Period of High Leaded Gasoline Consumption®®

LLS. Location

Road Site(s)

e,

Dust Lead
Concentration

{ug/g)

Washington, DC

a. Busy road intersection

12,800

b. Multiple sites

4000-8000

Chicago, IL

Proximity to expressway

6600

Phitadelphia, PA

Proximity to expressway

3000—-8000

New York City, NY

Proximity to expressway

2000°

Detroit, Ml

“Street dust”

966—1213¢

Various U.S. Cities

Highways and tunnels

16,000-20,000

Several U.S. Cities

“Street dusts”

300-18,000°

‘Adapted from U.5. EPA {1977).

bFigures for earfy 1970s, U.S. EPA (1577},
“Pinkerton et al. (1973}

Ter Haar and Aranow (1974).

“Nriagu {1978).

/
TABLE 6.24 lllustrative U.S. Dust Lead Deposition Rates (mg/m*/mo} in
the Period of High Leaded Gasoline Consumption®”

Geometric Mean
Deposition, 77 Cities,
by Category

Location of Highest Deposition
Deposition Rate Rate

South Bend, IN Residential 5.2
Nashville, TN

Omaha, NE

80 mg/m*/mo

346 mg/m’/mo Commercial 9.8

137 mg/m?fmo Industrial 12.8

*Adapted from Hunt et al. (1971) and {L5. EPA (1977}
bFor 77 Midwestern U.S. cities, gathered for the fourth quarier 1968.

. _

and organic litter covers. Some illustrative valees are presented in
Table 6.26 for U.S., European, and Asian locales. While the dust lead levels
are elevated well above background amounts, they are simultaneously weil
below comparative figures from past decades of high leaded gasoline use.
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Roadside Dust Lead Concentrations (ug/g) in . LF 6.25 illustrative Non-U.S., International Studies of Outside Dust
Sasoline Consumption®® j Levels (ng/g) in the Period of Flevated Gasoline Pb Consumption
Dust Lead Dust Lead
Testing Sites Level {(ug/g) References
Road Site(s) (ug’g) Jamaica, Small urban areas 700-2,000 Fergusson and Ryan
a. Busy road intersection 12,800 {1984)
b. Multiple sites A4000—8000 Busy roadways, 500—-2,500 Deroanne-Bauvin
street dust et al. (1987)
Proximity to expressway 6600
Street dust 960—7,400 Lau and Wong
Proximity to expressway 3000-8000 {1982)
Proximity to expressway 20007 130-3,500
“Street dust” 9661213 Urban versus Rural Urban, 970 Day et al. {1975)
Highways and tunnals 10,000—20,000, Kingdom et dusts mean
“Street dusts” 300-18,000° - Rural, 85 mean
| Car parks (a)
977). 46,300 mean
Car parks (b)
4,560 mean
tor, UK. Different test sites Town center: 1 icon (1979)
» 2,130 mean
Main roads:
1,890 mean
Vo 2 . e —
Dust .Lead Deposmf)n aIL{tz:ﬂ:es {mg/m*“/mo) in Residential areas:
Gasoline Consumption™ 850 mean
Geometric Mean 14 road areas in the 1,360—3,400 Jensen and Laxen
Deposition Deposition, 77 Citie city (1585)
Rate by Category Roadways with high Mean = 5,000 Rameau {1973}
80 mg/m*/mo Residential 5.2 traffic density
. Street dusts in selected  Mean = 1,760 Fergusson and
2 Jal 9. * &
346 mg/m’/mo Commercial 9.8 neightiorhoods Schroeder {1985)
137 mg/m*/mo Industrial 12.8

§ LS. EPA {1977}
ored for the fourth quarter 1968.

!hterior/Household Dusts

i to exterior leaded dusts, household and other interior dust lead
voirs pose a higher lead exposure risk to vulnerable human populations
oung children. More so than roadside or other exterior leaded dusts,
sts generally reflect more lead source inputs, the relative size of

Some illustrative values are presented
n, and Asian locales. While the dust lead levs
keround amounts, they are simultaneously .
om past decades of high leaded gasoline use:
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(TABI_E 6.26 [lustrative International Studies of Road Dust Pb Levels in
Recent, Post-Gasoline Lead Use Years

Locale Road Type Pb Level (ppm) References

Means: 588
Three paved 470 Sutherland et al.
road areas {2003)

Honolulu, Hi

151

Reno-Sparks, Urban paved road ~T100 Gillies et al. {1999
NV

Means: Urban
paved rcad, 141

Rural paved road,
57

Composite

Six test areas paved road, 109

of different Agricultural
road types unpaved road, 58

San Joaquin

Valley, CA Chow et al. (2003)

Residential
unpaved road, 203

Unpaved
compasite road,
101

Oslo, Norway  Urban paved road 180 de Miguel et al.
(1997}

Madrid, Spain Urban paved road 1,927 de Miguel et al.
(1997}

Two urban paved 1,061 Ho et al., 2003

roads 1209

Hong Kong

these inputs depending on specific circumstances. For example, old, deteric-
rated housing in United States’ older, inrer cities often have sigpificant
inputs from deteriorating leaded paints to household dusts. Interiorfhousehold
dusts can also arise from factors other than purely environmental ones.
Family members working in lead dust-generating industries and businesses
pose the risk of secondary, indirect lead exposures of young children in the
family when workplace dusts are brought home. The literature for house-
hold/interior dusts typically does not assign origin of their lead content, but
some extensive databases exist for source-specific contributors including




Lead and Public Heg

ational Studies of Road Dust Pb Levels in
Jse Years

Pb Level (ppm) References
Means: 588
Sutherland et al,
70 2003)
151
ad ~100 Gillies et al. (1999

Means: Urban
paved rcad, 161

Rural paved road,
57

Composite
paved road, 109

Agricultural Chow et al. (2003)

unpaved road, 58

Residential
unpaved road, 203

Unpaved
composite road,
101
ad 180 de Miguel et al.
(1997)
ad 1,927 de Miguel et al.
(1997)
.d 1,061 Ho et al., 2003
1,209

cific circumstances. For example, old, deterio:
es’ older, inner cities often have significan
d paints {0 household dusts. Interior/household
ctors other than purely environmental ones
lead dust-generating industries and businesse
direct lead exposures of young children in th
are brought home. The literature for house
pes not assign origin of their lead content, bit
ist for source-specific contributors including
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dlngs (ng/m’}

BLE 6:27 Illustrative International Household/Indoor Dust Levels (ng/g)

Dust Lead
Concentration

(Lg/g)

References

18-5,600 Angle and Mclntire
(1979)
ati, OH (Various housing 70—16,000 Clark et al. (1985}
Mean: 720

Range: 510970

Harrison 1979

ork City {Residential sites)

610740

Pinkerton et al. (1973)

Johia, PA (industrial
oihoods)

930—16,000

Needleman et al.
{1974}

reh, Scotland (Floor dusts)

43—13,600

Median: 308

Laxen et al. (1987)

v City, N} {Floor dusts)

1,133 (PMyg)

Adgate et al. (1998)

st United States

5,140 pg/m?

Clayton et al. (1999)

_/

g tables.

mncerned with the relationship of deteriorating interior (and exterior}
interior dust lead health hazards. These data are included in the fol-

'tratwe household dust lead amounts, as concentrations or loadings,
d-in the United States and the United Kingdom are coptained in
le 627, Levels by both metrics are quite high, ranging in time from the
to the late 1990s. This persistence of interior dust lead content
ds‘into later years after leaded gasoline was removed from vehicular

le. 6.28 presents some typical reports of interior dust lead levels near
ielters and other point sources situated around the world, covering
‘decades. There is a considerable range of levels and relatively high
values. In terms of source rankings, highest levels are associated with
~and secondary lead smelters, followed by residences impacted by
and milling operations. Hartwell et al. (1983) reported median leaded
lues for lead—zinc and copper smelters of between 116 and 441 ppm,
ther data in Table 6.28 cite levels of several thousand ppm or even
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(TABLE 6.28 Ulustrative International interior Dust Ph Levels Around
Smelters and Other Point Sources

T

Location

Testing Area

Dust Pk Level (ppm)

References

Bartlesville, QK

Zone closest to Zn
smelter

441 {median)

Hartwell et 3.
{1983)

Palmerton, PA

Zone closest to Zn
smelter

438 (median)

Hartwell et al,
(1883)

Ajo, AZ

Zone closest to copper
smelter

116 {median)

Hartwell et .
(1983)

Anaconda, MT

Zone closest to copper
smelfter

398 (median)

Hartwell et a).
(1983)

Belgium

<7 km from primary Pb
smelter

2,517 {estimated from
original figure)

Roels et ai,
{1980)

Trail, BC

Area closest to primary
Pb—7n smelter

4,676 {floor)

9,074 (window)

Hertzman et al,
(1991)

Arnhem, the
Netherlands

Proximity to secondary
Pb smelter

457—-8,100

Mean = 1,140
{total Pb)

Mean = 1,050 (fine
fraction)

Diemef et al,
(1881)

Derbyshire,
UK.

a. Mining area,
high seil Ph

1,050-28,000

b. Low soil Ph

130-3,000

Barltrop et al,
(1975)

Telluride, CO

Former mining and
milling area

281

Succop et al,
(1998)

Midvale, UT

Former milling and
smelter site

438

Succop et al.
(1998)

Butte, MT

Former mining and
milling site

451

Succop et al.
(1998)

Leadville, CO

Former mining, milling,
and smelter site

638

Succop et al.
(1998)

Pribram, Czech
Republic

Proximity to Ph smelter

1,984

Rieuwerts and
Farago (1996)

Shipham, U.K.

Proximity to Pk mining
site

786

Thornton (1988)

Port Pirie,
Australia

Proximity to Pb smelter

1,407—4,590 (PMa50)

1,693—6,799 (PMs3)

Oliver et al.
{1999)

N

(Continuey
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ytional Interior Dust Pb Levels Around

£.6.28 lllustrative International Interior Dust Pb Levels Around w
lters and Other Point Sources—(cont.)

rCes
BT Dust Pb Level (ppm) References Testing Area Dust Pb Level {(ppm) References
i Hartwell et al, Proximity of primary 1,598 Schilling and
71 441 {median) (1983) Pb smelters Bain (1988)
70 438 (median) Hartwell et al, 0—1 mi: 36,853
{1983)
16 (median) Hartwell et al. Various distances 1—2mi: 2,726 Landrigan et al.
coppe (1953) frorn smelter 23 mi; 2,234 {1975}
copper 398 (median) Hartwell et al. >4 mi: 2,151
983
{1 ) J
mary Pb 2,517 {estimated from ~ Roels et al.
11980)

original figure)

primary 4,676 {floor)

9,014 (window)

Hertzman et al

(1991) ‘Mining and milling sites, as summarized by Succop et al. {1998},

can values of 281—451 ppm Pb.

5001 U.S. national housing survey described for the case of lead

457-8,100 50 presented details of the relationships of interior dust lead levels
condary Mean = 1,140 Diemel et al. D, Tables 6.29—6.31 show interior dust lead data for U.S. residential
(total Pb) (1981) 1 respect to lead paint-related housing variables: dust lead loadings
Mean = 1,050 {fine ersus interior surfaces at different threshold values for dust Pb
fraction) 29): interior dust lead loadings versus housing age (years of con-
| 1 050-28,000 5. Table 6.30) at different threshold values for dusé Pb; and the
' ' Barltrop et al. ce or presence of dust Pb hazards with respect to absence or presence
T 130-3,000 (7 P (Table 6.31). Table 6.29 shows, for uncarpeted floors, that 8,512,000
ising units, or 9% of all such units, had interior dust lead at a loading
3 and 281 %u;:;g)p et al. g/ft*, while the tally and percent fraction of units 240 pg/ft®, the cur-
HUD threshold for defining a floor lead hazard, was 2,449,000 or

g and 438 Succop et al. all:U.S. housing.
(1998) indow sill troughs showed dust lead loadings above the testing detec-
g and 451 Succop etal. for 78,936,000 units, 83% of all U.S. units. A total of 8,287,000
(1998) £ 9% of the total tally had window sill dust lead loadings at or above
o milling, 638 Succop et al. ol the dust hazard value for window sills. Window troughs (window
ite (1998) 16,395,000 or 17% of U.S. housing showed surface Pb loading

Ph smelter 1,984

Rieuwerts and 2, the previous Pb hazard threshold value for troughs. The current
Farago {1996) ell/trough Pb level, defined as “a clearance” rather than a “hazard™

Pb mining 786

Thomton {1988) d. 15 500 ug/ft>. The clearance value is a figure abatement contractors
‘exceed for satisfactory hazard reduction or control.

Pb smelter  1,407—4,590 {(PM330)

1,693—6,799 (PMs3)

6.30 presents the distribution of dust lead loadings on bare fleors,

?g\fg) et sills, and window troughs as a function of housing age, i.e., years
T ¢ buildings were constructed. For all dust lead loading threshold

(Continue :r'.'all three surfaces, the older the housing, the higher the number of
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TABLE 6.29 Distribution of Average Loadings (ug/ft%), All Interior Dust
Lead, in U.S. Housing™"

e

Threshold value, Estimated National Percent of
Pb-Dust (ug/ft?) Tally (000) National Talty

Uncarpeted floors

=10 8,512

=20 4,843

=40 2,449

=100 966

Window sills

=Detection limit 78,936

=125 13,875

=250 5,287

=500 4,900

Window troughs

=Detection limit 72,349

=800 16,395

“Adapted from NSLAH (2001).
EDetection limits vary with tested surface, NSLAH (2001, Ch. 5).

units in that category and thereby the higher the fractional percentage. This
is especially so for the threshold values corresponding to the U.S. HUD defi-
nitions of the various surface dusts lead hazard loadings: 40, floors; 250,
window sills; 800, window troughs. For uncarpeted floors, pre-1940 units
accounted for 2,843,000 or 16% of dust lead measurements at or above the
floor standard but 0% in units built between 1978 and 1998. The pre-194) .
versus 1978—1998 categories offer particularly striking comparisons for the
dust Pb hazard values for window sills and troughs.

The critical role of LBP in the distributions of dust Pb loadings on inte-
rior surfaces recorded in Tables 6.29 and 6.30 can be seen in the data
depicted in Table 6.31. When LBP is present and in “good” condition as
defined in the national survey, 33% of units had a dust Pb hazard as defined
by the U.S. HUD (1999), but in cases of significant deterioration of the LBP
present, the corresponding percentage was roughly double, 61%. The absence
of LBP in the unit resulted in only 6% having a dust lead hazard of some
type on some surface.
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ibution of Maximum Surface Dust Pb Loadings ( pg/m) in
Housmg as a Function of Construction Years™"

————

Housing Construction Years

stimated National Percent of -;
ally (000) National Tall Pre-1940 1940—1959  1960--1977 19761998
Number % Number % Number % Number %
8,512 9 (000) (000 (000} (000)
4,843 5
2449 3 42 4,938 24 2,488 g9 1,153 4
9e ! 29 2,784 14 1,112 4 a7 0
16 1,967 10 588 4 97 0
8,936 83 5 935 5 280 1 97 0
3,875 15
8,287 g 96 18,779 91 24,729 89 21,823 73
4900 > 9,028 52 5407 26 4,097 15 1,806 6
6,943 40 3,712 18 1,755 6 1,029 4
72,349 76 4,980 29 2,869 14 747 3 447 2
E% i Window trough Pb loadings
o, NSLAH (2001, Ch. 5). ction limit 14,143 56 16,406 80 20,319 73 20,969 70
: 8883 51 628 31 3,788 14 2,252
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£ 5.31 Relationship of U.S. Housing Units® with or without Interior
_ead Hazards® as a Function of Interior LBP

or Dust

LBP in Good
No Intetior LBP Condition

Significant LBFP

Hazards Number (000) % Number (000) %

Number (000) %

62,752 94 15,244 67 2,389 39
4,068 6 7,508 33 3,727 51
66,820 100 22,752 100 6116 100

d from NSLAH (2001).
téad hazard as defined by U.5. HUL (1999),
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6.3.4 Lead in Soils

Natural or background levels of lead in soils are quite low and largely refleg;
the low levels of lead in the parent rocks giving rise to the uncontaminggeg - ;
soils. One exception would be elevated lead levels in those limited metallis,
erous soils in regions of the world with that surface mineralogy and accom.
panying extractive industrial activities. Background levels of lead have
typically been determined by sampling done in two ways. The first ig soil
core testings in rural or remote areas assumed to be free of contaminating
ie., anthropogenic, activity. The second approach consists of deeper i)
core measurements and analysis of soil segments below any depth assumeq
to be reflective of anthropogenic activity. Both strategies require SUpporting
data ruling out amy artifactual but undetected anthropogenic COIltribuﬂ{m:
that result in higher lead contents than expected for the unaltered soil,
Extremely low air lead values would indicate no or little atmospheric anthrg.
pogenic depositions of lead onto these soils that could artificially elevag
levels over true background. Vertical strata samplings of soils would requirs
some evidence that soil layers have not been altered through, e.g., farming:
grading during property development, etc. Vertical invariance in serial deep-
core soil testings would indicate the testing region is below deptht-variable
additions from anthropogenic activities.

Measurements of soil Pb are critically dependent on the sampling meth-
ods for data gathering. As an environmental medium, soil is quite complex
in fts chemical, physical, and physicochemical matrix characteristics and
dependence of Pb content on distributions in the soil matrix. For example,
ambient air Pb depositions on soil or depositions from lead-painted surfaces
weathering, or reentrained dusts from waste sites distribute the element iy
soil with vertical and/or horizontal soil area variability. Air Pb typically
deposits onto soils from the atmosphere in the top 2—5 cm, owing to binding
of Pb by bioorganic or geological material such as vegetative litter. Soif Ph
also varies with distance from point or mobile sources in direct reflection of
ambient air Pb. Lead releases from weathering exterior lead paint surfaces
produce depositions proportional to distances of soil areas from the building
foundation or “drip line.” Increased Pb levels near the drip line may also
occur to some extent from airborne Pb striking sides of buildings and fallout.
However, this likelihood is ruled out when fronts and backs of structures
show similar Pb levels. Anthropogenic Pb differs inversely with soil partico-
late size with coarse fractions of soil having lower Pb content while Pb
content increases with decreased soil particle size (Young et al., 2002). This
particular relationship is significant for measuring soil Pb relevant to human .
exposures because of the propensity for small particles to adhere to chil-
dren’s hands and then be ingested.

Shacklette et al. (1971) reported an arithmetic mean of 20 pg/g (ppm)
and geometric mean of 16 ppm for 863 background soil lead samples at
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“sites, most of which were <230 ppm. These means were quite
arithmetic mean of 20 ppm reported for Canadian ngnagrl?ulmral
eague and Wolynetz (1980). Rural soils in the Umted Kingdom
d to have geometric Ineans of 42 ppm (Davies, 1983} and
McGrath, 1986). . o -
o 15 a global literature on the topic of lead con{am.mat‘lon (?f sicnlls,
]y for industrialized countries. A notable feature of Pb in so_ﬂ.s is its
s there, with studies showing a residence time or half-life esumqted
om decades to centuries (U.S. EPA, 2006). For example, Freitas
apA) reported a mean soil Pb of 2,604 ppm for sa@ples gathered at a
sfiict Porfuguese copper mining site worked in pre-Roman and

f lead in soils are quite low and largely reff
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sampling done in two ways. The first i
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ic activity. Both strategies require supporiiy;
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ntents than expected for the unaltered soj
would indicate no or little atmospheric anthy
nto these soils that could artificially elevy
‘ertical strata samplings of soils would req ;
have not been altered through, e.g., farmin
ypment, etc. Vertical invariance in serial deg
ate the testing region is below depth-variab
ctivities.
re critically dependent on the sampling met

1mEes. . '
“ion of Pb in soils translates to concentrations of the element which

ary widely over time, in contrast to data for atmospheric Pb emis-
"'{:‘1"1 show considerably more rapid changes in response to sogrce
tes. As one consequence, alterations in metallurgical operations
s primary lead smelters in the form of more efficient Pb emission con-
.d to reductions in atmospheric air Pb and dustfall Pb but not reduc-
{éad content of nearby soils (Hilts, 2003).
1] 6.32 presents a range of largely urban soil Pb measurements gath-
ing diverse sampling methods and for various purposes from aI.‘OllIld
o olobe. Soil Pb content for urban properties in the United States typically
environmental medium, soil is quite comp_l - ¥ 1,000 ppm expressed in various metrics, and in some cases, well
| physicochemical matrix characteristics a is figure. Central New Orleans, LA, provided measurements ranging
distributions in the soil matrix. For exampl » 69000 ppm. Yard soils were typically well above garden soil samples,
soil or depositions from lead-painted surfac ted from tilling soils when planting. The deeper the tilling, the greater
sts from waste sites distribute the element ttival mixing of higher Pb levels in upper strata with lower concentra-
zontal SOi,l arca variability. Air. Pb tyPical on de:éper in the soils. Soils less impacted by typical Pb input sources
mosphere in the top 2—5 ¢m, owing to binding aw Jower values.
ical material such as vegetative litter. Soil The impact of exterior LBP weathering over time on adjacent, Le., dsip-
point or mobile sources in direct reflection of other perimeter soil, zones is apparent in Table 6.32. Ter Haar and
from weathering exterior lead paint surfaces sw (1974) found that soil Pb adjacent to LBP-containing wood frame
1al to distances of soil areas from the building ngs was much higher in Pb level than soil Pb levels 10 or 20 fi from
reased Pb levels near the drip line may also adation. Urban Detroit, ML, soils showed Pb at 2,349 ppm at 2 ft
orne Pb striking sides of buildings and fallout. versus a much lower 447 ppm at 10ft. Similar differences with
iled out when fronts and backs of structures ssing distance were observed for rural buildings. The levels of Pb in
pogenic Pb differs inversely with soil partic or paints used in U.S. housing differed with housing age in both fre-
s of soil having lower Pb content while Fb v of use and Pb concentrations or loadings used, so that the older the
ed soil particle size (Young et al., 2002). This ng the higher the Pb content and the higher likelihood lead paint was
icant for measuring soil Pb relevant to humat. especially for exterior surfaces. Subsequent outside weathering of age-
pensity for small particles to adhere to chil- ble painted surfaces, in turn, would result in differing amounts of Pb in
ted. . guous soils. Stark et al. (1982) showed that yard soils on lots with hous-
ported an arithmetic mean of 20 pg/g (ppm) It in 1920—1929 were almost 10-fold higher in Pb content than were
om for 863 background soil lead samples a ards with younger units, built in 1970—1977.
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(TABLE 6.32 lllustrative Lead Levels (ug/g, ppm) in Global Soilsa'b’ﬁ

Locale

Soil Sites

Pb Concentration
ug/g)

ey

References

Various U.S. cities in a
U.5. HUD program

Urban soil
collections

1,043 ppm (GM)

Clark et g,
(2004)

Baltimore, MD,
St. Paul, MN soils

Cardens or surface
sampling

Baltimore, MD:
Median 100

St. Paul, MN:
Median 228

Chaney and
Mielke (1986)

Three CA cities:
Oakland, Los Angeles,
Sacramento

Yard soils

Oakland: GN 897

Los Angeles: GM
188

Sacramento: GM
227

Sutton et al.
{1995)

Central New Orleans,
LA

Soils

Up to 69,000

Ter Haar and
Aranow {1974)

[Detroit, Ml

Urban soils versus
frame house distance

2 i, front: 2,349

10 ft, front: 447

Ter Haar and
Aranow (1974)

Rural area, Ml

Soils versus frame
house distance

2 ft: 2,529

10 ft: 609

20 ft: 209

Ter Haar and
Aranow (1674)

Miami, FL

Urban soils

93

Chirinje et al.
(2004)

Cincinnati, OH

Roadside soiis

59-1,980

Turer et al.
(2001)

New Haven, CT

Yard soils, variable
housing ages

131, 19701977

1,273, 1920-1929

Stark et al.
{1982)

Charleston, SC

Household soils

9-7,890,
depending on
traffic, LBP

Galke et al.
(1975)

Chelsea, MA

Soils arcund a
painted bridge being

remediated

8,127: under
bridge

<30m: 3,272

30—80 m: 457

100 m: 197

Landrigan
et al. (1982)

(Continued)

_
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:ve[s {ug/g, ppm) in Global Soils®™* ustrative Lead Levels {ug/g, ppm) in Global Soils®™<—(cont.}
Ph Concentration Ph Concentration
g/ Soil Sites ng/e References
1 1,043 ppm (GM)? Clark et a Urban sails 164,792 Angle and
5 (2004 Mclntire
Baltimare, MD: (1982)
Median 100 - inowi
or surface Cﬁaney an Urban soils in Bostan 7-13,240 Raglgonﬁtz
St, Paul, MN: Mielke (1986 area Mean = 702 and BeHinger
Median 228 (1988)
Oakland: GN 897 Msxlltiple cities urban 23200 zagl&v;fy et al.
solls
Los Angeles: GM .
188 geies Sutton et a Urban soils Up to 14,1CC Culbard et al.
{1995) : (1988)
Sacramento: GM )
297 wellington urban GM:; 211,890, Bates et al.
soils near old housing  increasing with {(1995)
Up to 69,000 Ter Haar and housing age
Aranow (1574) Urban area garden GMs: 43-336 Brunekreef
Is versus 24, front 2,349 Ter Haar and.. soils et al. (1983)
ise distance 1 ft, front: 447 Aranow (1974) Urban soils in 48-54 O'Heany et al.
- i 1988
5 1 2,529 Taronto, Windsor {1988)
us frame 108 609 Ter Haar and- soits not affected by smelting, mining, and milling.
tance : Aranow {1974 ds of leaded gasofine use oF recent phaseout data.
20t 209 : ampling methods used.
T ; geometric mean.
ils 93 Chirinje et al.. -
(2004)
soils 591,950 Turer et al,
(2001) 4i-soil Pb values outside the United States show similar marked ele-
s, variable 131, 19701977 gark et al. ver background values. Culbard et al. (1988), for example, reported
Ages 1,273, 1920—1929  (1982) rban solls ranging up to 14,100 ppm. Urban soils adjacent to LBP-
' soile 9 890 p— ng housing in older sections of Wellington, New Zealand, were found
d epén dir‘:g on ) 13759)6 al. . <o in Pb content with increasing housing age (Bates et al., 1995).
traffic, LBP . oe database has developed with reference to soil Pb values derived
8127 und rom Ph point sources, particularly smelting, milling, and mining
. . i T . . . -
bridge ¢ hese point sources are often in rural areas, especially primary metal
und a _ where extractive industrial activity will typically be the dominant
yidge being <30 ™M: 3,272 :Z(Ijr](%gz) tor of Pb emissions to site and nearby community soils. By contrast,
ed 30—80 m: 457 ' dary Pb smelters or tead-acid battery manufacturing plants may be
100 m: 197 in either rural or urban/suburban areas. Soil Pb contamination from
tive industrial operations can occur through several pathways: deposi-
(Continued) {- point source-generated atmospheric Pb, fugitive dusts windblown
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from on-site storage to soils offsite, or by deposition of windborme Ph dusg
from tailing waste piles on community yards.

One of the largest extractive industry sites in the world was the Bunke,
Hill lead and zinc smelting, milling, and mining complex in the Silvey
Valley of Idaho. This site, closed in 1981 after more than a century of oper,.
tion, soon became a U.S. EPA Superfund hazardous waste site. In the early
1970s, while the complex was still operating, an extensive series of envirgy.
mental contamination studies began over concerns about childhood lead poj.
sonings within nearby communities (Walter et al., 1980; Yankel et al., 1977)
and was followed by multiple environmental regulatory characterizationg of
the Bunker Hill complex and its contiguous communities. These characterj.
zations included the nature and extent of the Bunker Hill Pb waste stream
within and downstream of the complex, including the leveis of Pb and othey
geochemical contaminants in soils, dusts, air, and plant life as well as SXpo-
sure levels in humans and ecological populations.

Table 6.33 is a tally of soil Ph levels measured within two COMMIlnities
significantly impacted by the Bunker Hill operations, Kellogg ang
Smelterville, ID, for the petiod 1974—1993, a period bracketing many of the

(TABLE 6.33 Average Soil Pb Levels (.g/g, ppm) Versus Calendar Yem
Intervention at the Silver Valley, ID, Smelter Site®><d

Kellogg, ID® Smelterville, ID®

Year AMS GM'f A G’

1974 3,073 2,255 7,386 53,776

1975 3,918 2,658 5,581 3,907

1983 - — 6,231 4,188
1988 3,195 2,609 2,932 2,198
1989 2,880 2,376 2,900 1,725
199G 1,572 608 1,906 719
1991 846 225 1,180 292
1992 994 276 1,264 292

1993 772 223 1,639 334

FAdapted from TerraGraphics Environmental tngineering (2000) as prepared for Idaho Department
of Health and Welfare.

“For the years 1974—1993,

“Smelting operation ended in 1987,

“Designated 2 Superfund site by the EPA.

“Community highly affected by Pb emissions.

*AM, arithmetic mean; UM, geometric mean.
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communities within the Bunker Hill impact zone. Clearly evident
Jdeclines in soil Pb levels in both communities, indexed as either
Afic or geometric mean values. Soil Pb levels at the time of little soil
diation, 1974 and 1975, indicated lead values in the thousands of
or example, the arithmetic means for Smelierville, TD, soil Pb values
4 and 1975 were 7,386 and 5,581 ppm, respectively. Associated
for the geometric means Were 5770 and 3,907 ppm, respectively.
:{ Pb arithmetic mean in Smelterville in 1993, well after removals of
al soils exceeding the Pb action level were under way, was
. while the geometric mean was 300 ppm.

~idence of increased Pb contamination from other extractive industry
iitces of Pb has been seen in and around neighboring communities.
‘44 summarizes some illustrative examples. Leadville, CO, the site of
acades of smelting, milling, and mining activities dating to the pine-
entury, had a soil Pb mean (geometricy of 1,763 ppm {Colorado
ent of Health, 1990). A large lead—zinc smelter in Trail, British
, Canada, produced group means of soil Pb of 225—1,800 ppm
al., 1978), values not materially different from later testings in this
nity with changes in emission controls (Hilts, 2003). Derbyshire,
ingdom, where lead mining occutred over several hundred years,

evels (ug/g, ppm) Versus Calendar Years of
ey, ID, Smelter Site

a,b,c,d

group means in soil Ph ranging from 420 to 13,969 ppm.
ne typical feature of extractive industry primary and secondary smelters
inating point sources is the inverse relationship of soil Pb levels to

ellogg, 1D Smelterville, ID® s from the emitfing sources to the soil being tested. The quantitative
GM! AMT @5 of this inverse relationship are affected by height of stack, topo-
phical features of the areas, wind patterns, and other meteorological fea-
2,255 7,386 . Jich as rainfall, etc. Godin et al. (1985) examined soil Pb versus dis-
2,658 5,581 several smelter sites. Liu (2003) reported the soil Pb values at
— 6,231 188 ing distance {m) from several smelters: 313 ppm, 100 m; 217 ppm,
— 0. m: 110 ppm, 10,000 m; 57 ppm, 20,000 m; 33 pprm, 30,000 m.
2,608 2,932 2,198 e 2001 U.S. NSLAH included data for residential soil Pb levels associ-
2,376 2,900 ith U.S. housing units characterized in various ways: number and per-
608 1906 7I§ age distributions by soil Pb thresholds, distribution by soil Pb thresholds
susing age, and distribution by absence or presence of significantly
226 1,180 ated exterior LBP surfaces. Collectively, these data define the rela-
276 1,264 ip of lead paint to soil lead values in and around LBP residential units.
293 1639 '6.35 indicates that 15,299,000 U.S. housing units, 16% of the total,

associated with soil Pb levels of 200 ppm or higher. The 400 ppm or

nental Engineering (2000) as prepared for Idaho Department

A,
issfons.
mean.

er:soil Pb level, which for bare, play arca soils defines a regulatory soil
ard level, was projected to be found at almost 10 million housing
0% of all residences. Soil Pb values of 5,000 ppm or higher were pro-
ed'to be found at 1,580,000 U.S. units, or 2% of all units.

& age of U.S. housing, ie., the year of construction, has a significant
“on the distribution of soil Pb values ranked by differing soil Pb
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TABLE 6.34 Other [llustrative Soil Pb Levels in Proximity to Smeltin?
Milling, and Mining Point Sources™™*

Pb Concentration
locale (g/g, ppm) References

Jasper County, MO, U.S.A. 574 Murgueytio et al,
(1998)

1110° Colorado De
. ’ partment
Leadville, CO, U.S.A. p— of Health (1990)

Median = 148, white
children’s homes
Oitawa County, OK, U.S.A. Median = 103, Native Malcoe et al. {2002)

American children’s
homes

Midvale, UT, U.S.A. 295" Bornschein at al. (1997

Sandy, UT, U.S.A. 362 Succop et al. (1998)
Bartlesville, OK, U.5.A. a21f Hartwell et al, (1983)

Palmerton, PA, U.S.A. 3318 Hartwell et al, (1983)

Anaconda, MT, U.S.A. 42432 Hartwell et al. (1983)

Derbyshire, UK, 420-13,969, Barltrop et af, {1975)
group means

Trail, BC, Canada 225-1,800, Neri et al. (1978
group means

Trail, BC, Canada GMs: 559—2,002, areas Hertzman et al. (1991)
closest to smelter

Arnhem, the Netherlands 240 Diemel et al. (1981}

"Urban or rural soils affected by smelting, milling, or mining activities.
includes past and present industry history.

“Various soil-sampling methods,
Front yard soii, geometric mean.

*Front yard soif, arithmetic mean.

‘Garden soil.

BResults closest to smelter. j :

.

thresholds. In Table 6.36, for pre-1940 housing, the oldest age group, the
regulatory bare soil Pb hazard level of 400 ppm or higher was encountered
in 11,613,000 U.S. residences, or 67% of all U.S. housing built before
1940. The very high soil Pb threshold of 5,000 ppm or higher was seen in
almost 2 million units, or 11%. By contrast, the newest housing, built in
19781998, showed no discernible percentage at or above 400 ppin.
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e Soil Pb Levels in Proximity to Smelting, -

urces®™<

\

Pb Concentration
{hg/g, ppm)

574

1,1109

1,763°

Median = 148, white
children’s homes

Median = 103, Native
American children’s
homes

.35 Distribution of Maximum Soil Pb Levels in U.S. Housing for
 Thresholds: Unit Counts and Percentages™™*
eshold Pb Number (000) % of All U.S. Units
References = 299 "
Murgueytio et al. 9,996 0
(1998) :
6,271 7
Colorado Departmer
of Health (1990) : 3,124 3
1,580 2
NSLAH (2007).
Malcoe et al. 2002y nits = 95,668,000,
. iz methods in original report.
plng )

295f Bornschein et al. (1 99
i : -

362 Succap et al. (1998) ‘36 Maximum Soil Pb Distributions in U.S. Housing for indicated \

g21f Hartwell et al. (1983)" Ph.Thresholds as a Function of Construction Years*P

3318 Hartwell et al. (1983 Years of Construction

4248 Hartwell et al, (1983} Pre-1940 1940—-1959  1960—1977 19781998

420-13,969, Barltrop et al. (1

group means aritrop et el (1373) Number grd Number o Number 08 Number _ 4

(000} (000) (000) {000)

225-1,800, Neri et al. (1978)

group means 13,314 76 9,950 A8 4,495 16 1,476 5

GMs: 559-2,002, areas Hertzman et al. (1991} 11,613 67 6,283 31 2,410 9 84 0

closest to smelter . 6,536 37 3,922 19 666 3 - 0

240" Diemel et al. (1981) To29 23 2104 11 686 3 0
fting, milling, or mining activities. 1.891 11 865 A 231 1 — 0
Nistory. '

from NSLAH (2001}
nd-covered soifs.
methods described in original report.
ertage of all units in the indicated age perfod.
0 /

or pre-1940 housing, the oldest age group,-U
rd level of 400 ppm or higher was encountere
ces, or 67% of all U.S. housing built befo
y thresheld of 5,000 ppm or higher was seen:
[1%. By contrast, the newest housing, buil

=rnible percentage at or above 400 ppm. :

e:6.37 indicates that the absence or presence of significantly deterio-
extérior LBP is a major factor in soil Ph concentration. At the 400 ppm
¢t bare soil hazard level, the presence of significantly deteriorated
- LBP increases the Pb concentration almost fourfold (30% versus
ic ratios are even more telling at the upper end of the soil Pb thresh-
h significant LBP deterioration, soils with Pb =5,000 pprm are about
[d higher than test sites without LBP.
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//TABLE 6.37 Bare 50il Pb Percentage Distributions in U.S. Housing?
Indicated Soil Pb Thresholds in the Absence or Presence of Significant
Exterior LBP Deterioration™>*

Percent Versus Significant Exterior

LBP Deterioration Status
Threshold Bare

Soil Pb (ppm) Not Deteriorated Deterioratay

=200 1 39

=1,200 24

3

=400 3 30
4
2

=2,000 13

=5,000 1 8

Adapted from NSLAH (2001).
bAl'fsampHngS .
“Sampling methods described in original report.

6.3.5 Lead in Human Diets

Naturally occurring levels of Pb in diets consumed by early peoples have not
been extensively studied. Settle and Patterson (1980), using careful labor-
tory techniques, reported that fresh albacore muscle in prehistoric times was
one-tenth that of modern catches. Anchovies, similarly, were enriched in Ph
content by 10-fold, from 2.1 to 21 ppb. Patterson (1982) found that edible
plant Pb content averaged up to 2.0 ppb in prehistoric times.

Lead in the diet has long been known to he a significant source of
ingested lead in human populations, with records of lead ingestion at toxic
levels tracing back to at least the Greco-Roman and Roman eras (Nriagu,
1983a,b, 1985 and other citations, Ch. 2). The intervening centuries have
recorded considerable evidence of dietary lead exposures. The very early
record does not distinguish vulnerability to effects of dietary lead across sub-
sets of human populations, but by the late nineteenth century episodes of
childhood poisonings from lead ingestion were recorded. Stewart (1887,
1895) reported the poisoning of children in Philadelphia, PA, from bakery
product coloring adulterated with lead chromate and possibly mixed with
other lead compounds, producing yellow and highly toxic icings. A number
of children died.

Dietary lead differs from other media-specific lead sources and pathways
for human populations in a number of ways. Lead in soils and dusts typically
affects young children more than adults, while food Pb can produce more Fb
intakes and exposures in adults or, equally, children and adults. Dietary
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ire Pb via various, complex mechanisms. For example, lea-
an acquire Pb by foliar deposition of airborne lead or by
ontaminated soils. Canned foods are further contamme.lted
scessing methods and lead-seamed cans, a common food container
1a veiy recently. Lead can bind to foods cooked in Pb-contaminated
~ ier through Pb transfer from water. o '

m@;;onents differ greatly in lead content, reflecting in part filffer-
duction and distribution. Food Pb intakes differ as a function of,
sonsumption habits. T his has required attention not only to concen-

-entage Distributions in U.S. Housing for :
in the Absence or Presence of Significant.

/€

Percent Versus Significant Exterior
LBP Deterioration Status

Not Deteriorated

- Z sad in classes of dietary components but also to quant_ities of
’ 0 fents consumed on a typical or daily basis. Various national or
: 24 Al surveys, for that reason, have determined and reported bot.h
2 13 b in diet categories and populatipn consumption patterns to permit

tion of net exposures 10 lead in diet.
! 5

reports on dietary Pb measure lead content in diet distinct from any
“in water used for preparation of beverages Or food. This chaplter
drinking water Pb separately, and attempts to address the additive

. f water Pb intakes from beverages and prepared foods when such
¢ separately identified.

o_n'él food supplies in industrialized or developed societies are often

ts z_e&,- so that national food Pb surveys in, e.g., the United States and/or

rovide relevant information about typical exposures across Tegions
nographic subsets of the population. There are idiosyncratic excep-
tle and Patterson (1980), using careful labof s rule, however, in the case of ethnic foods such as canned gogds
fresh albacore muscle in prehistoric times samed containers imported for traditional local or selective
hes. Anchovies, similarly, were enriched in-Pb mption. )

to 21 ppb. Patterson (1982) found that edib ature and extent of Pb intakes from diet are quite dependen.t on
to 2.0 ppb in prehistoric times. ' st factors of age, gender, socioeconomic status, lifestyle prz‘mtlce-s,
g been known to be a significant source: ants consuming infant formula reconstituted from tap water differ n
fations, with records of lead ingestion at to Ph intakes from older children consuming baby foods, and tllle latter dif-
it the Greco-Roman and Roman eras (Nriag oinstill older children consuming foods in patterns resembling those of
tions, Ch. 2). The intervening centuries have L8
ce of dietary lead exposures. The very easly
Inerability to effects of dietary lead across su
wt by the late nineteenth century episodes’
ead ingestion were recorded. Stewart (18

Pb in diets consumed by early peoples have i

etary Pb content is affected by contamination of dietary components on
h different time scale than either ambient air Pb at one ternporal
(shortest) or soil and roadside dust Pb on the other. Food grown in
with air Pb deposition on those crops will refiect deposition rates frqm
of children in Philadelphia, PA, from bake ross the entire growing season, regardless of whe.ther atn_losphcric emis-
with lead chromate and possibly mixed with ary markedly over that interval. Root crops w1-11 sustain some uptake
cing vellow and highly toxic icings. A mumbe . ghi the root system and by root surface contamination. Canned gogds
: ' an acidic matrix and stored in lead-seamed cans may have lead leaching

e of storage before use.
ead in the diet comes from dietary components whose concentrations of
lement are relatively low, compared to levels of the substance in, say,
t8-and soils. However, unlike these other environmental media, intakes of

sther media-specific lead sources and pathway
imber of ways. Lead in soils and dusts typicall
han adults, while food Pb can produce more Pb
ults or, equally, children and adults. Dietary
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Pb in diet on a daily or other time scale entail much larger amounts in terms
of relative mass. For example, adults typically will consume only Sta];
amounts of lead in dusts and soils, 25—150 mg for various age bands, whil
ingesting food at a daily rate of 1kg or more. Consequently, totg] Clai]y ;
intake of 100 mg of dust having a concentration of 1,000 ppm Pb vieldg the -
same Pb intake as 0.1 ppm Pb in 1.0 kg of diet. Other factors differentiating
diet Pb from Pb in other media can potentially include a higher relative bio
availability of food Pb once ingested. _

Pb in dietary components at low concentrations versus Pb in other mediy -
dictates the need for quite sensitive measurement and sampling methogg
methods that only became available for routine use in the mid—1late 1970,
One should therefore be cautious in evaluating earlier Pb in human diets
measurement data.

It can generally be said that, at least for food supplies consumed in deve|.
oped or industrialized nations, dietary lead has declined over the past severa]
decades, owing to declines in Pb released to food components, e.g., major
reductions in lead-seamed can use to virtually zero, and reduced ambient air
Pb levels. For example, evaporated milk in lead-seamed cans was heavily
contaminated by Pb leaching from the seams, with Mitchell and Aldouys
(1974) reporting an average evaporated milk value of 202 g/l and a range
up to 820 g/l. This section presents data for several blocks of time, from the
1960s—1970s to the present. This is done for the same reason a longer tem.
poral reach was used for air and other media Pb emissions over time. Body
Pb accumulations in older segments of human populations reflect Pb intakes
and bone Pb deposition in past years. These reservoirs of body Pb can be
sources of toxic exposures through Pb resorption to blood.

National and International Dietary Pb Surveys

A number of dietary Pb surveys have been carried out in the United States
and around the world. Summaries of these surveys are presented in this sec-
tion. Some surveys have simply reported descriptive statistics for lead con-
centrations in dietary groups and levels of Pb in individual food components
within those groups, e.g., measured Pb levels in cereals as a group. Other
surveys have reported Pb levels in dietary components and coupled these
with corsumption paiterns to provide intakes of food Pb in some time frame,
typically as daily total intakes. Some survey reports have mainly concerned
themselves with total dietary Pb intakes. This chapter confines itself to Pb
levels in foods and presents intakes and uptakes in the context of human
exposures in later sections.

Early attempts at quantifying Pb in human diet were plagued by absence
of appropriate statistical survey methods, limited reach of any survey, and
the problematic nature of measurement methods in terms of laboratory sensi-
tivity and specificity, clean-laboratory techniques, etc. The question of
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critical one, given that even in contaminated environments
i at much lower levels than in dusts and soils. The 1961
hroeder and Balassa of U.S. unprocessed foed components found
—1.3 ppm, vegetables; 0—1.4 ppm, grains; 0—3.7 ppm for
ros; 0.2--2. 5 ppm, seafoods; 0—1.5 ppm, condiments.

Food and Drug Administration (U.S. FDA) has been doing sur-
ad other contaminants in the U.S. food supply since the 1970s.
‘of these surveys and their results have varied over the years,
ﬁons of food-specific Pb content, Pb content of food groups,
‘subset-specific dietary Pb consumption rates. The U.S. FDA
Program Fvaluation for Fiscal Year 1974 (summarized in U.S.
ncluded the Heavy Metals in Food Survey. Throughout the U.S.
offorts, special focus has been on dietary lead ingestion rates in
dlers, as well as older children. Besides greater toxicological
18, dietary lead has declined over the past sey the very young consume food at an age- and weight-specific
in Pb released to food components, e.g,, wo- to threefold higher than the rates for adults.

an use to virtually zero, and reduced ambient: Iy U.S. FDA survey offers some general conclusions. Most nota-
aporated milk in lead-seamed cans was hea foods typically had much higher Pb content than fresh food
ng from the seams, with Mitchell and Aldo i1 other Pb-contributing factors being more or less equal. For exam-
- evaporated milk value of 202 g/t and a ¢ '
presents data for several blocks of time, fro
. Thig is done for the same reason a longer 0 ontents included (.33 ppm for Jjuices and 0.09 ppm for food in jars,
- and other media Pb emissions over time. B '
cgments of human populations reflect Pb intak
past years. These reservoirs of body Pb ca
rough Pb resorption to blood.

r time scale entail much larger amounts 1
iple, adults typically will consume opl
d soils, 25—150 mg for various age bands;
ate of 1kg or more. Consequently, tota]:
ving a concentration of 1,000 ppm Pb yields
Pb in 1.0 kg of diet. Other factors differentis;
dia can potentially include a higher relatiy
ingested.
s at low concentrations versus Pb in other m
sensitive measurement and sampling meth
wvailable for routine use in the mid—late 197
witious in evaluating earlier Pb in human

hat, at least for food supplies consumed in de

ata, including groupings of U.S. foods for total diet profiles and
‘of diet components within these groupings (Belolan 1985;
983; U.S. EPA, 1986a; U.S. FDA, 1985).

28 lists illustrative food Pb concentrations that equal or exceed
fresh weight for food groups and individual foods within the
the U.S. population via market-basket surveys and across eight
ex groups. Items were drawn from the total diet list of Pennington
presented in U.S. EPA (1986a), and U.S. FDXA (1985). Overall,
content at that time was significantly below 1.00 ppm and most
.100 ppm. Canned foods were the major category of higher Pb-
ds. Of the canned products, the mote acidic food items were higher
Comparmg canned tomatoes, tomato sauce, and sauerkraut with
ned fruit and vegetables, the Pb levels were one or more orders of
e above natural values and represented increments of Pb contamina-
he: U.S. food supply during growing, processing, and marketing.
otirces for this contamination were airborne Pb deposition and lead-

al Dietary Pb Surveys

veys have been carried out in the United Stat
naries of these surveys are presented in this s
nply reported descriptive statistics for Iead cg
and levels of Pb in individual food componen
easured Pb levels in cereals as a group. Oth
evels in dietary components and coupled the
» provide intakes of food Pb in some time frami
es. Some survey reports have mainly concern
y Pb intakes. This chapter confines itself t
s intakes and uptakes in the context of hum

ying Pb in human diet were plagued by absen
vey methods, limited reach of any survey, &
asurement methods in terms of laboratory sen:
n-laboratory techniques, etc. The gquestion:

garly 1980s, a second source of food Pb survey data was the 1982
oundation Report on the safety of Pb and Pb salts. A portion of
ort tabulated U.S. and Canadian food supply lead levels. Table 6.39
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TABLE 6.38 Lead Content of U.S. Dietary {tems Having Pb Levels
=0.05 ug/g, 1970s—Early 1980s>><

—
Category Number Food ltem Mean (ng/a)

3 Evaporated milk 0.083

27 Beef liver 0.083

32 Canned tuna 0.159

39 Canned pork and beans 0.130

45 Canned green peas 0.136

55 Canned comn 0. 111

56 Canned creamed corn 0.102

57 White dinner roils 0.084

82 Canned peaches 0.223

84 Canned applesauce 0.094

87 Canned fruit cocktail 0.221

93 Canned pineapple 0.093

Canned grape juice 0.053

Canned orange juice 0.053

Canned spinach 0.649

Frozen collards 0.074

Canned saverkraut 0.524

Canned tomato juice 0.084

Canned tomato sauce 0.258

Canned tomatoes 0.218

Canned green beans 0.099

Canned mixed vegetables 0.081

Canned mushrooms 0.255

Canned beets 0,103

Spaghetti with meat sauce 0.136
Chil, heef, and beans 0.102
Meat loaf 0.093

Lasagna 0.070

(Confinued)
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1t of U.S. Dietary items Having Pb Levels aad Content of U.S. Dietary ftems Having Pb Levels A
stosafb»c g/p, 1970s—Early 1980s**°— (cont.)
Food Item Mean (M . Food ltem Mean (ug/g)
Evaporated milk 0.083 - i Pork chow mein 0.076
Beef liver 0.083 Canned vegetable soup 0.073
Canned tuna 0.159 . lce cream sandwich 0.058
Canned pork and beans 0.130 Milk chocolate candy ¢.073
Canned green peas 0.136 Chocolate powder 0.055
Canned corn 0111 (1.5, EPA (19862, Ch. 7, Appendix Di; U.S, FDA (1985).
Canned creamed com 0102 : Jﬁfq; g}a;i;;f_)na;ﬁf ?;:;\‘;es)js, 1970s—early 1980s, and across eight age/sex groups.
White dinner rolls 0.084 -~
Canned peaches 0.223
Canned applesauce 0.094 Pb content data for illustrative U.S. foods within 12 food groups,

Canned fruit cocktail 0.221

Canned pineapple 0.093

— ds group (canmed), evaporated milk at 0.05—0.06 ppm Pb and
Canned grape juice 0.053 s and drinks ranked highest. Uncanned baby jnices and drinks
Canned orange juice 0.053 s about half that of canned product The highest food Pb value

Canned spinach 0.649

Frozen collards 0.074 at/poultry/fmh group had highest Pb levels overall, in terms of

inned forms. Camned foods Pb in this group was in the range

Canned sauerkraut 0.524

Canned tomato juice 0.084

Canned tomato sauce 0.258 _ncanned items. Root vegetables such as carrots and beets were

igh in Pb, canned forms being 6- to 10-fold higher than uncanned

Canned tomatoes 0.218

Canned green beans 0.099

Canned mixed vegetables 0.081 ges generally were relatively lower in Pb content. Again, canned
Canned mushrooms 0.255 : ese food groups were higher in Pb than uncanned examples, up o

Canned bheets 0.103 R . .
0 illustrates those Pb values in U.S. food items recorded from

es during the 1990s, limited to reported concentrations at or
Chili, beef, and beans 0.102 : ﬁd_i;ated Pb concentrations. The data from Dudka and Miller (1999)

Spaghetti with meat sauce 0136

Meat loaf 0.093

Lasagna
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in Food®P©

(TABLE 6.39 Lead Levels in Selected U.S. Dietary ltems from the
Nutrition Foundation Report on Safety of Lead and Lead Salts

;)

Food Group

Food Item

]
Lead Levels (pg/g, Ppm)

Uncanned

Canneyq

Baby foods

Milk substitute

0.02

tother’s milk

0.03

Evaporated milk

Meat/meat dinners

0.03-0.04

Vegetables

0.04

Juices and drinks

0.03

0.06

Dairy products

Milk

0.02

0.10-0.13

Cheese

0.05

Buiter

0.07

Meat, poultry, fish

Beef, pork, ]amb-vear]

0.06

0.24

Poultry

0.12

0.24

Fish, excludes sardines

0.04-0.08

0.21-0.51

Sardines

0.65

1.5

Eggs

0.17

Cold cuts

.06

Breads

0.08

Flours

0.05

Cakes, cookies

0.03-0.05

Hot cereals

0.02

Ready-to-eat cereals

0.11

Rice, pasta

0.06

Corn

.0

Potatoes

White cooled

0.G5

0.2

Sweet potatoes

0.08

0.25

o

(Continued)

_
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elected U.S. Dietary [tems from the 1982 6.39 Lead Levels in Selected ULS. Dietary Items from the 1982 ‘
t on Safety of Lead and Lead Salts . £5undation Report on Safety of Lead and Lead Salts ;
. Z{cont.)
Lead Levels (ug/g, ppm Lead Levels (pg/g, ppm)
Item Uncanned Canne Food ltem Uncanned Canned
ubstitute 0.02 Cabhage, broccoli 0.01-0.04 0.08 .
r's milk 0.03 Lettuce, other greens 0.12-0.15 0.39 :
rated milk Salads 0.03-0.08 0.17
meat dinners 0.03-0.04 Beans 0.01-0.04 0.16-0.22
ables 0.04 Peas 0.03 0.27
and drinks 0.03 0.06 Soups .04 0.10-0.13 }
0.02 0.10=0 Carrots 0.14 0.13 :
e 0.05 Onions 0.18 0.32
0.07 Beets 0.01 0.10-0.11 ;
hork, lamb-veal .06 .24 Parsnips, turnips 0.05 0.32
14 0.12 0.24 Tomatoes 0.05-0.08 0.30-0.37
xcludes sardines 0.04-0.08 Tomato paste 0.03 0.19-0.47
25 0.65 1.5 Tomato juice 0.05 0.22 |
0.17 Squash, pumpkin 0.03 0.36 i
“uts 0.06 0.24 Peppers 0.02 0.32 |
5 0.08 Juices 0.01-0.02 0.12-0.13 :
0.05 Citrus 0.01 0.39
, cookies 0.03-0.05 Apples 0.02 0.22
ereals 0.02 Apple juice L 0.02 0.13
-to-eat cereals 0.11 Cherries 0.02 0.39
nasta 0.06 0.11 Cranberries 0.05 0.25
0.01 Grapes 0.01 0.28
cooked 0.05 0.12 Peaches 0.01-0.03 (0.19-0.39
potatoes 0.08 0.25 Pears 0.02 0.18-0.19
(Continued): (Continued)




Lead and Public Hey

/TABLE 6.39 Lead Levels in Selected U.S. Dietary {tems from theP
Nutrition Foundation Report on Safety of Lead and Lead Salts
in Food™™*—{cont.)

Lead Levels (1g/g, ppm)

Food Group Food Item Uncanned Canneq

Salad dressing 0.01-0.02

Oils and Fats Cooking oils 0.02

Nuts 0.02

Sugar 0.03

Chaocolate 0.08

Candy 0.03

Sugar, desserts,
jellies, etc. Puddings 0.01-0.03

Jellies 0.01

Pickles, olives 0.10 0.70
Soft drinks 0.01-0.02 0.14-0.21

Coffee 0.01

Beverages
Tea 0.0

Alcoholic beverages 0.01

2Adapted from combined U.S. surveys in Nutrition Foundation (1982) report.
ETwelve food groups; includes heverages.
“Uncanned, plus canned levels where available.

-

earlier surveys, that canned foods were significantly higher in Pb content than
uncanned items. Among beverages, wine was highest at 7.7 pg/serving.

The most recent vear for FDA survey efforts was 2004. The raw data set
had all classes of contaminants and hundreds of food items containing each
of those substances. Some food items shown in earlier surveys are not listed
in the 2004 compilation, while some foods in this latest survey do not appear
in earlier surveys. For purposes of this chapter, FDA 2004 dietary Pb data
were first isolated from the full data set. Selected food items were then tabu-
lated. Table 6.41 provides the illustrative 2004 data, along with Pb detection
and quantitation measurement limits. It is readily apparent from Table 6.4
that virtually all foods in the U.S. FDA (2004) diet survey were very low in
Pb, most items presenting as not measurable, or at trace (ppb) values. This
marked decline for lead content in the U.S. diet is generally consistent with
the removal of lead in gasoline, the abandonment of any lead-seamed
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lected U.S. Dietary Items from the 1982 ative Pb Levels in the U.S. Diet Reported for 1990s
on Safety of Lead and Lead Salts
- Concentration
Lead Levels (ug/g, p ug/g, ppm, =0.03 ppm

temn Uncanned Canrig ' : 0.21
fressing 0.01-0.02 0.19
g oils 0.02 010 - 0.21

0.02 0.20 - 0.53

0.03 0.05
late 0.08 0.04

0.03 0.04
185 0.01-0.03 0.03

0.01 pg/serving, =2.0 pg/serving
5, olives 0.10 0.70 8.5
inks 0.01-0.02 7.1
] Q.01 2.4

0.01 0.07 5, canned 6.0
olic beverages 0.01 0.02 ( . 4.9
/s in Nutrition Foundation (1982) report. tice, bottled 2.6
& available 77

apted from data iy Diudka and Mifler (1999) and FDA TDS, Juberg et al, (1997).
ritaminated soils.
ion limits in original sources.
as either unit of mass {ppm) or serving (FDA TDSL

»ods were significantly higher in Pb content th
rages, wine was highest at 7.7 ug/serving. =
FDA survey efforts was 2004. The raw data
ats and hundreds of food items confaining e
yod items shown in earlier surveys are not
le some foods in this latest survey do not app
yses of this chapter, FDA 2004 dietary Pb
ull data set. Selected food items were then tab
e illustrative 2004 data, along with Pb detecti
nt limits. It is readily apparent from Table 6.
2 1.8, FDA (2004) diet survey were very low 1t
s not measurable, or at trace (ppb) values. Thi
tent in the U.S. diet is generally consistent .
wsoline, the abandonment of any lead-seam

nets for canned foods, and the reduction of lead in typical food produc-
d-transport.
noted earlier, using lead-seamed cans for canned foods was, in some
the major contributor to Pb contamination of foodstuffs in cans.
- al. (1991), for example, reported Pb concentrations in canned foods
d without lead-seamed construction, as seen in Table 6.42. Ratios
lévels in lead-seamed can contents were manyfold higher than for
ers without Pb. For example, canned vegetable soup Pb levels
“seamed cans were 18-fold higher, 0.18, versus 0.01 ppm Ph in cans




Lead and Public Heal

)

TABLE 6.41 Lead Levels in Selected Food [tems for the U.S. FDA Total
Diet Survey (2004)*°

—
Average

Food Number Food Name Concentration/ppm

1 Milk, whole fluid TR 0.002

3 Milk, chocolate, lowfat, fluid TR 0.002

10 Cheese, American, processed TR 0.005

12 Cheese, cheddar, natural 0.000
(sharp/mild)

13 Beef, ground, regular, pan-cooked TR 0.006

17 Ham, cured {not canned), baked 0.000

18 Pork chop, pan-cooked with oil TR 0.003

20 Pork bacon, oven-cooked 0.000

21 Pork roast, loin, oven-roasted 0.000

26 Turkey breast, oven-roasted 0.000
29 Bologna (beef/pork) TR 0.005

34 Fish sticks or patty, frozen, TR 0.003
oven-cocked

35 Eggs, scrambled with oil 0.000

34 Pork and beans, canned 0.000

42 Lima beans, immature, frozen, boiled 0.000

46 Peas, green, frozen, boiled TR 0.002

47 Peanut butter, creamy TR 0.008

50 Rice, white, enriched, cocked 0.000

54 Corn, freshffrozen, boiled 0.000

55 Corn, canned TR G.002

58 Bread, white, enriched 0.000

69 Nocdles, egg, enriched, beiled TR 0.004
71 Corn flakes cereal TR 0.005
73 Shredded wheat cereal TR 0.006

78 Apple (red), raw (with peel} 0.000

80 Banana, raw 0.000

{Continued)

.
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fead Levels in Sel
oy (2004)> > —{cont.)
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acted Food ltems for the U.S. FDA Total w

Average Average
! Concentration/pp! Food Name Concentration/ppm
fluid TR 0,002 peach, raw/rozen 0.000
ate, lowfat, fluid TR 0.002 Pear, raw (with peel) ¢.000
erican, processed TR 0.005 Fruit cockeail, canned in light syrup TR 0.009
ddar, natural 0.000 Pineapple, canned in juice TR 0.010
Orange juice, frozen conc., 0.000
I, regular, pan-cooked TR 0.006 reconstituted
(not canned), baked 0.000 Apple juice, hottled TR 0.005
»an-cocked with oil TR 0.003 Spinach, fresh/irozen, boiled TR 0.005
oven-cooked 0.000 Collards, fresh/frozen, boiled TR 0.005
oin, oven-roasted 0.000 Lettuce, iceberg, raw 0.000
st, oven-roasted 0.000 Cabbage, fresh, boiled 0.000
ef/pork) TR €.005 5roccoli, freshifrozen, boiled 0.000
¢ patty, frozen, TR 0.003 Celery, raw 0.000
bled with oil 0.000 fonato 20 S
) X Tomato sauce, plain, hottled TR 0.003
_a.ns, canned _ 0.000 Green beans, canned TR 0.003
. immature, frozen, boiled {.000 bepper, sweet, green, raw TR 0.002
, frozen, boiled TR 0.002 Onion, Mature, raw 0.000
al cTe:m; : TR ¢.008 Beets, canned TR 0.004
;fzwzr;, zc;i:;oked ZZZE potato, boiled (without peel) 0.000
- m—— Potato, baked (with peel) TR 0.011
wp— - Meatloaf, beef, homemade 0.000
Soup, tomata, canned, condensed, 0.000
og, enriched, boiled TR 0.004 prepared with water
cereal TR 0.005 Butter, regular (salted) 0.000
vheat cereal TR 0.006 Mayonnaise, regular, bottled 0.000
, raw {with peel) 0.000 Sugar, white, granuiated 0.000
W 0.000 Syrup, pancake 0.000

(Continuedy:

(Continued)
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TABLE 6.41 Lead Levels in Selected Food [tems for the U.S. FDA$
Diet Survey (2004)>"°—(cont.)

Average
Food Number Food Name Concentration/ppm

187 Candy bar, milk chocolate, plain TR0.015

191 Carbonated heverage, cola, regular 0.000

194 Carbonated beverage, cola, 0.000
low-calorie

197 Tea, from tea bag 0.000
198 Beer 0.000

199 Wine, dry table, red/white TR 0.008

*Accessed from LS, FDA database anline, November 22, 2010 hitp:www.fda.gov/Food/
FoodSafety/FoodContaminantsAdulteration/Total DietStudyricm 184293 htm.

bSelected to represent illustrative major U.S. dietary components.

IR = trace concentration.

/i

e
TABLE 6.42 U.5. Total Diet Pb Survey for Canned Foods (ug/g): Lead
Levels in Ph-Seamed versus Non-Pb-Seamed Cans>™©

Pb Level, Pb Level,
Canned Food Hem Lead Cans® Norlead Cans®

Tuna 0.77 0.05

Orange juice 0.08 0.02

Applesauce 0.26 0.08

Apple juice 0.10 0.02

Fruit punch 0.08 0.03

String beans 0.26 0.03

Baked beans 0.27 0.02

Tomatoes 0.27 .03

Chicken noodle soup 0.12 N.R.®

Vegetable soup 0.18 0.01

*Adapted from Capar (1990) and Bolger et af. (19971).
Adult canned foods also eaten by young children.

For fiscal years 1982— 1985,

“Rounding.

“Not reported; Bolger et al. (1991,
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n Selected Food Items for the U.S. FDA Tots 4 Changes in Production of Lead-Soldered Food Cans {Millions)
cont.) b
Average Number of Pb-Soldered % Pb-Seamed Units of
lame Concentration/p Cans (Millions) Total Production®
har, milk chocolate, plain TR 0.015 - 27,576 90.29
ated beverage, cola, regular 0.000 724,405 85.84
ated beverage, cola, 0.000 20,516 74.23
orie 17,412 63.21
m tea b 0.000
ea bag 13,891 51.56
0.000
11,683 41.55
Iry table, red/whit .
Iry able, rediwhite TR 0.008 8,769 41 47
se onfine, Novernber 22, 2010 hip:#www.fda.gov/Foad/ 6,775 24,31
fulteration/TotafDietStudyucm 184293 itm, ! :
major U.5. dietary components. 4982 15.06
1,626 5.79
1,117 3.71
; 210 3.07
et Pb Survey for Canned Foods {(ug/g): Lead * _
sus Non-Ph-Seamed Cans®"* data provided [y CAMI; Communication of August 27, 1990 by R.R. Budway, CMI
ata p v
. insel, to P. Mushak.
Pb Level Pb Level picce cans fabricated with Pb.
' d ’ A5 not in total counting.
Lead Cans Nonlead C  and three-piece cans ever shipped.
: S
0.77 0.05
0.08 0.02 ;
026 0.08 pact of lead-seamed can contributions to Pb contents of canned
i . ed significantly with the phasing out of those containers. Adams
0.10 0.02 wed a precipitous decline in Pb levels in canned foods from the
83:to the 1988—1989 period, the time of maximal reductions in
0.08 0.03 p
076 Py amed can production. In FY 1983—1984, the leaded container food
. : t:level was only 60% that of a year earlier. Two years later, the
¥ y y
6.27 0.02 nt. level was down to 35%, and in 1988—1989, the level was
0.27 0.03 %:of that found 6 years earlier.
012 ke ita are consistent with figures for production of Pb-seamed cans
’ o 1. of the total, tabulated in Table 6.43. These data were provided
0.18 0.01

thor by the Can Manufacturers Institute (CMT) as part of & commu-

Bolger et al. (1991).
y young children.

25

tom CMI General Counsel R.R. Budlay to P. Mushak (August 27,
1979, Pb-seamed food cans represented 90.3%, or 27.576 billion
tal container production. By 1984, such containers represented
%, or 11.683 billion units, of total production. The 1989 fraction
1y 21117 billion containers or 3.71% of total can production.
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The corresponding count for 1990, a year later, was only one-fifth of th
210 million containers.

A number of surveys of dietary Pb have been done for other COURYie
The 1982 Nutrition Foundation report used for U.S. Pb content dag, al
reported Pb levels in the Canadian food supply. Table 6.44 has Hlustratiy,
Pb levels in the Canadian food supply. Twelve food groups were Sﬂmpled.
and individual food representatives within the groups were analyzed With.'
respect to both uncanned and, where available, canned food levels. Canadi,
data showed a similar elevation in Pb content for canned versus uncam]ed_:
foods as seen in U.S. analyses. Among selected dairy items, cheese hyq the:
highest Pb level, 0.24 ppm. In the meat, poultry, fish category, Uncanneq
values were significantly elevated and levels ranged from 0.05 to 0.17 ppm;
Canning increased levels up to 0.26 ppm. Uncanned cereals, potatoes, angd.
leafy vegetables as groups were the next highest in Pb concentration, wigy
further Pb elevation seen for canned examples. Uncanned garden fruits and:
vegetables were moderately elevated in Pb, but significantly elevated when
canned. Beverages, overall, had the lowest Pb content across the 12 Zroups, '

The later Canadian survey of Dabeka et al. (1987) reported lead contens |
of about 10 diet categories including tap water and beverages. Illustrative
median Pb values of items within these categories are in Table 6.45. Fiv
dietary categories had medians of 0.030 ppm or more: cheeses, meat/figly/
poultry, starch vegetables, cereals, and miscellaneous snacks and desserts
Cheese showed the highest Pb content, ranging up to 6.78 ppm.

The most wide-ranging dietary Pb survey was the food compornent of the
Global Environmental Monitoring System (GEMS-Food, 1991), done
through the UNEP. Data were gathered from 39 nations including Canada
and the United States (Galal-Gorchev, 1991). Table 6.46 sets forth 11 food
categories and the mean Pb content of each. Canned foods and beverages, as
expected, have the highest Pb concentrations at 0.20 ppm in each case. Fish
ranked next at 0.10 ppm.

The percentage contribution of illustrative food categories in each of five
nations—Australia, Canada, Finland, the Netherlands, United Kingdom—are
depicted in Table 6.47. Among Canadian dietary items, vegetables and the
meat/fish/poultry categories each contributed 17% of total daily Pb intake,
followed by beverages and cereals/cereal products at 15% each. The Finnish
diet had the highest percentages of Pb intake via cereals/cereal products
(24%) and fruits (22%). Beverages comprised 20% of those diets followsd
closely by milk products at 17%. Dutch dietary item Pb content was highest
for cereals/cereal products at 17% followed by the vegetable category at
12%. For the United Kingdom, cereals (including breads) were highest at
15%, followed by potatoes at 14%.

Chen and Gao (1993) reported results of the Chinese TDS carried out it
1990. The food comsumption pattern in the form of market-basket surveys
and associated contaminant levels and their intakes were determined in four
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reported results of the Chinese TDS carried ot
fion pattern in the form of market-basket s

Food Item Uncanned Canned
Evaporated milk - 0.04
Whole milk 0.02
Cheese 0.24
Butter 0.05
Beef 0.09
Porle 0.10
Veal 0.05
Lamb 0.05
Poultry 0.08
Eggs 0.05
fish Fish, fresh 0.05
Tuna 0.26
Salmon 0.16
Shellfish 0.05
COrgan meats 0.10-0.17
Prepared meat, 0.25
poultry
Breads and rolls 0.05
Flour 0.08
Breakfast cereals, 0.05
all types
Rice 0.05
Pasta 0.05 0.10
Corn 0.03 0.36
Potatoes, baked 0.06 0.12
and boiled
Sweet potatoes, yams 0.08 .25
(Continued)
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TABLE 6.44 Lead Levels in Selected Canadian Dietary [tems froﬁ-
1982 Nutrition Foundation Report on Safety of Lead and Lead Salts
in Food®”°—(cont.)

—
Lead Level {ug/g, ppm)

-
Food Group Food Item Uncanned Canneg

Cabbage 0.05

Celery 0.03

Leafy vegetables Lettuce, other greens 0.07

Asparagus 0.03

Mushrocms .04

Beans 0.03

Legumes
Peas 0.03

Carrots 0.07

Onions 0.05

Root vegetables
Beets 0.05

Turnips, parsnips 0.03

Tomatoes 0.04

Cucumbers 0.03

Squash 0.03

Garden fruits
Eggplant 0.03

Tomato juice 0.20

Tomato paste 0.57

Citrus 0.14

Apples 0.17

Apple juice 0.08

Grapes 0.14

Fruits Peaches 0.27

Pears 0.22

Pineapple 0.19

Cherries 0.14

Berries 0.14

(Continued)




in Media Relevant to Human Lead Exposures

Lead and Public

slected Canadian Dietary ltems from the . ‘ead Levels in Selected Canadian Dietary Items from the
eport on Safety of Lead and Lead Salts ion Foundation Report on Safety of Lead and Lead Salts
“i{cont.)
Lead Level (ug/g, ppi Lead Level {ug/g, ppm) |
| [tem Uncanned Can Food ltem Uncanned Canned
age 0.05 Nuts 0.05
ry 0.03 Cooking oils 0.02
ce, other greens 0.07 0.13 Salad dressings 0.05
ragus 0.03 Sugar 0.05
hrooms 0.04 018 : Syrup 0.17
15 0.03 0.16 ic Adjuncts Jams and jel]ies 0.05 J
0.03 0137 ' Puddings 0.05
ots 0.07 013" Candy 0.06
o115 0.05 Coffee, tea 0.03
S 0.05 017" Soft drinks 0.05
ips, parsnips 0.03 Alcoholic beverages 0.01
atoes 0.04 025" | from Canadian Food Surveys in Nutrition Foundation (1982) report.
od groups, includes beverages.
urmnbers 0.03 levels plus canned fevels where available.
ash 0.03 — :
lant 0.03 : I
ato juice 0.00 ogtaphic groupings in China with included provinces: North 1, |
- - ng, Liaoning, Heibei; North 2, Henan, Shaanxi, Ningxia; South 1, |
l S - .- . . . .
30 paste 057 “Jiangxi, Fujian; South 2, Hubei, Sichuan, Guangxi. Each regional
us 0,03 0.14 sket consisted of 12 food composites. For Pb, the contributions of
Jes 014 0.17 d groups as a national percentage of the total national Pb intake |
o reals, 39.6; vegetables, 27.53; potatoes, 7.8 meats, 5.6; fruits, 5.4;
e ce it . '
L 0.08 “legumes and nuts, 4.4; aquatic foods, 2.8. Milk, water, prepared
pes 0.02 0.14 os: and milk and sugar added relatively minor amounts of Pb to daily
ches 0.04 0.27 ) )
o - arious national and international surveys included food crop data
rS . . : . . . . -
od crop components produced 1n uncontaminated soils. Soils in urban
eapple 0.05 0.19 or dareas impacted by lead smelters not only have elevated Pb content,
rries 0.02 014 & expected, but crops grown there also show Pb concentrations well
- 008 ” amples produced in uncontaminated soils. Table 6.48 depicts food
Tes . . . : o .
ith high Pb content under these conditions. Finster et al. (2004)

that leafy and root vegetables grown in urban gardens in Chicago,
Pb levels well above 10 ppm. Swiss chard was found at 2224 ppm
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(TABLE 6.45 Hlustrative Pb Levels in Various Food Categories of theﬁ
Canadian Diet*"<

T

Food Category Median {ppm} Ranges (ppm)

Cheese (excluding cottage cheese) 0.034 0.028-6.75

Meat, fish, poultry, meat soups 0.031 0.011-0.123

Dairy products, eggs 0.003 0.00T—0.08)

Fruits, fruit juices, canned and fresh 0.008 0.002-0.1ng

Potatoes, rice, other starches 0.07 0.006--0.084

Nonstarch vegetables 0.032 0.001-0.254

Miscellaneous snacks, desserts 0.033 0.014-1.38

Cereals, bread 0.032 0.012-0.078

Beverages 0.009 <0.00005-0.029

*Adapted from Dabeka et al. (1987) and World Heaith Organization (1995).
Stnits of ppm.

“Canned and uncanned items combined. ' '

(TABLE 6.46 Typical Pb Concentrations of lllustrative Foods in the
GEMS-Food International Survey*"<

Food Pb Level (Lg/g, ppm)

Cereals 0.06

Meats 0.05

Organ foods 0.02
Fish 0.10
Shellfish 0.02

Vegetables 0.05

Fruits (.05

Rocts/tubers 0.05

Eggs 0.02
Canned foods 0.20

Canned beverages 0.20

*Adapted from Galal-Corchev (1997),
bGEMS-Food: Food component of the Global Environmental Monitoring System, UNEP.
“Data for 38 countries, including the United States.

_
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Levels in Various Food Categories of the 7. Relative Contributions of Dietary Pb to Intake as a Function
roup Among Indicated Countries™™®
Median {ppm) Ranges (ppnﬁ_' Food Group % Total Pb Intake
e5e) 0.034 Vegetables 17
] 0.031 .01 Meat/fish/pouitry 17
0.003 0.007-0¢ Beverages 15
fresh 0.008 0.002-0.1 Cereals/products 15
0.07 Fruits, juices 10
0.032 Cereals/products 24
: 0.033 Fruits 22
0.032 Beverages, efc, 20
0.009 <<0.00005-0, Millk/products 17
) and World Health Organization (1995), Cereals/products 17
hined. ‘ Vegetables 12
Breads/cereals 15
Beverages 14
ncentrations of {llustrative Foods in the Potatoes 10
Surveya,b,c Tea 20
Pb Level (ug/g, ppm .n_:f Galal-Gorchev (1991), from the GEMS-Food International Survey.
0.06 r adults. :
' ups contributing =10% total Ph intake.
0.05 4
0.02
010 on samples had 21 ppm. Moseholm et al. (1992) showed lettuce
: lose to a Pb smelter had a Pb level in the range of 0.7—1.3 ppm,
0.02 ¢ grown close to the smelter had Pb levels 0.6—2.4 ppm.
0.05 ’
0,05 . . pe
in Drinking Water
0.05
oo ater Pb has had a long history of producing both lead exposures

0.20 lth hazards of using waters flowing in lead piping versus waters in

.20

i1).
the Global Environmental Monitoring System, UNEP.
he United States.

and towns appeared and grew in industrializing countries. Growth in
tion was accompanied by growth in setting up and maintaining pub-
ng water systems, typically established as public utilities operated
gencies and drawing water from both surface water and
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(TABLE 6.48 Selected Lead Levels of Garden Crops Produced in
Contaminated Soils>?©

——

Ph Level
Locale Food Items (ug/g, ppm)? Referency, :

Cilantro 49

Collard greens 12

Coriander 39

Ipasote 14

Lemon balm 20

Chicago, iL Mint <10—60 Finster
{urban gardens) etal. (2004)
Rhubarb <10-36

Swiss chard 2234

Carrat 10
Onion 21
Radish 12—-18

Lettuce .7-1.3

Copenhagen, Denmark, Carrots 0.07-0.28 Mosehalm
close to Pb smelter Potataes 0.6 4 et al. (1992)

Kale 1.4-93

“Adapied from original articles.

“Contamination from mobile or point sources,

“Different crops tested in indicated locates,
Levels =10 ppm,

groundwater. Areas in suburban or remote locales, by contrast, often rely or
private water sources such as wells.

The topic of Pb in drinking water, technologically, is a complex one in
both the number of discrete steps needed to produce potable drinking water
for human populations and the myriad of physical, physicochemical, and
chemical factors that work to produce low, moderate, or high concentrations
of Pb in drinking water sources for these populations. The environmental
physical factors typically include the nature of the water chemistry, the
nature of the components of water transport from sources to the residences
and/or public areas such as schools for human populations, the characteristics
of residential plumnbing systems, and fimally, patterns of water use in differ-
ent risk groups in the population.
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of lead in both surface water and groundwater free of lead
i anthropogenic activities or arising from contamination in
tdfage, transport, and distribution to consuming populations

Fb Level A rapge of 0.005—10 pg/l was estimated by NAS/NRC
Food Items (ng/g, ppm)* Refe 1 tipper end of the range likely reflects artifactual contamination
iboratory testing. U.S. EPA (1986b) settled on an upper Hmit

id Levels of Garden Crops Produced in

Cilantro 49
Collard greens 12 surface waters averaged 3.9 ug Pb/l for 749 surface water sam-
Coriander 39 ange of 1— 55 pg/l in the report by Durum et al. (1971). NAS/
sewed surface water levels in the literature, a range from
Ipasote “ 890 pg/l, with the upper end of the range likely showing con-
Lemon balm 20 tammauon U.S. EPA (1986b) selected the Patterson concentra-
Mint <1060 0.05 g/l for remote streams. Proximity to sewage treatment,
and industrial waste pollution resulted in much higher values,
Rhubarb <10-36 o/1: Groundwater lead content has been reported in the range of
Swiss chard 22-24 NAS/NRC (1980,
Carrot 10 tWely" high fraction of U.S. households, 84%, receive treated drink-
- upplies from public or private surface water or groundwater sys-
Onion 21 ells are the second largest source (U.S. EPA, 1986b). Waters
Radish 12-18 ent plants in U.S. and Canadian systems are low, 2—3 pg/l Pb
Lettuce 0.7-1.3 1987; U.S. EPA, 1991).
T Jevels at the tap are typically much higher than concentrations
Carrots 0.07-0.28 Mosehal ped- water leaving treatment plants (Isaac et al., 1997; Mushak
Potatoes 0.6—2.4 etal. {19 11990; NAS/NRC, 1993; U.S. EPA, 1986b, 2006; WHO, 1995).
Kale 1493 1997) reported that ratios of water Pb levels to Pb concentra-

réd at the tap with variable standing times ranged from 0.17 to
er. flowing into Massachusetts homes. Lead enters household and
plumbing at a number of sites before exiting the tap. First, there
nectors, “pigtails,” joining water lines to household plumbing; in
iengths of lead pipe were used in areas with highly corrosive soils
orms of metal plumbing (U.S. EPA, 1985). Lead piping has
abandoned in favor of copper or nonmetal plumbing materials
ty. finds lead plumbing in the oldest housing in older areas of
uch as the United States. Overall, the principal contributor of
d in household plumbing is corrosible 50:50 lead—tin soldered

point sources.
ed lacales.

ywrbar or remote locales, by contrast, often rél
1 as wells.
inking water, technologically, is a complex 0
te steps needed to produce potable drinking:

nd the myriad of physical, physicochemical; fixtures, e.g., faucets in kitchens and bathrooms, are a second sig-
t to produce low, moderate, or high concentral O
sources for these populations. The environm ‘ eachmg into household and pUbhc building plumbmg from lead—tin
- include the nature of the water chenustry
-of water transport from sources to the reeide
s schools for human populations, the characterst
/stems, and finally, patterns of water use in di
1lation. :

When used with copper plumbing lines, Pb—Sn solder is affected
chemical, i.e., galvanic, reactions which produce divalent Pb ion.
1; the most mgmﬁcant factors affecting pipe joint solder Pb release
ressive water, i.e., low pH, and low “hardness” or carbonate level
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hi

(U.S. EPA, 1986b), standing time in wvnit plumbing lines, temperature,
relative efficiency of the soldering. Other factors include age of a givep 1,
of plumbing and interior surface coating (deMora and Harrison, 1984}:
Subramanian et al. {1994} were able to show that any of a number of no“:
lead fitting solders was sufficiently resistant to galvanic leaching to e Safe"-
to use. In addition to the most widely used alternative, a 95:5 tin—antimony.
solder, tested materials included 94:6 tin—silver, 96:4 tin—sitver, ang
95.5:4.0:0.5 tin—copper—silver solders.

Quantification of Pb leach rates from simulated plumbing systems and
also household plumbing systems with lead solder, copper piping, and treateq
or well waters have been reported. Treweek et al. (1985) used pilot-play;
simulations of corrosion in domestic pipe materials to evaluate the impact of
different water quality variables on releases of lead and copper from soft
low-alkalinity water comsumed in Portland, OR, over a test time of
18 months. The lead—tin solder-coated copper coiling tested with chloram;.
nated water, with ample standing time of 8 hours, showed lead leaching g
the outset exceeding the then MCL of 50 pg/l, while chlorinated water only
showed exceedences over the MCL for copper. Over time, the Pb leach rate;’
declined. These findings led to a health advisory for residents to run the tap
water before using to flush standing water Pb accumulations.

Thompson and Sosnin (1985) evaluated the corrosion characteristics of
50:50 Pb—Sn solder in household plumbing, using either short-term static
tests in lead-soldered copper test cells (15 days) or mock-up plumbing
asserublies (40 days) and three water sources differing in pH and corrosive.
ness. Water Pb buildup in acidic, most aggressive test, water at room temper-
ature was initially 14 pg/l/hour with a final rate of 11 pg/l/hour rate. Hot
water testing (00°C) for this same set of parameters gave an initial leaching
rate of 48 pg/l/hour and a final value of 35 jg/l/hour. Birden et al, (1985)
studied Pb leaching from lead-soldered joints using simulated household
plumbing assemblies with multiple soldered joints and several public well
water sources in New England differing in relative corrosivity, One well
water sample had a pH of 6.7 and low total hardness of 47 mg/] versus the
second water with pH of 7.8 and hardness of 110 mg/l. The lower pH and
hardness water had a Pb leaching from 50:50 tin-—-lead solder of 364 g/l
compared to 80 g/l for the second system.

A second source of galvanic Pb leaching in domestic plumbing systems,
in addition to that from lead—tin soldered joints, is houschold plumbing
fixtures. Lead sources in fixtures include both soldered connections ard the
brass alloy composition with a permissible significant Pb content (3—8% Pb).
Samuels and Méranger (1984} tested lead leaching from commercially
available kitchen faucets with varying details of construction in presence
or absence of leaded solder in the connecting tube assemblies. Waters
were tested as available from the Ottawa, Canada, water supply, in addition

ang




Lead and Puhie. in Media Relevant to Human Lead Fxposures 199

e source and aquecus fulvic acid solution. Filtered water
m those kitchen faucets with lead-soldered joints was exten-
from 4 to 55 mg/l (4,000—55,000 pg/l), for an initial 24-hour
ontact) period.

urveys of Pb in drinking water, mainly in the United States and
ve been carried out. These surveys, differing in their geographic
nmental scope, were done from the early 1980s to 2006. The
er Pb levels in these surveys were illustrative of tap water statis-
5 mean water Pb across cities, states, and countries and prevalence
Pb exceedences for standards and guidelines as they existed at
+ example, the U.S. EPA had a Pb in drinking water supply
g/l until 1991. In 1991, this regulatory approach changed to a
ol protocol. First, U.5. EPA promulgated a tap water action
_glL not to be exceeded at the 90th percentile, for the sampled
order to forestall some form of advisory or treatment technol-
d, second, an enforceable MCL standard of 5 pg/l (5 ppb} for
ng public water treatment plants.
O presents tap water Pb levels in selected U.S., Dutch, and
-‘gystems reported by various authors. Sampling methodology
““flushed, and composited samples and various types of water
ear that stagnant water had much larger amounts of Pb than
jplés. Composite samples from random collections were interme-
encentration. Using plastic pipe resulted in relatively tower Pb
usehold water, but levels were still measurable, Running,
ter line samples depicted water system background Pb content as
s left the plant, The highest values in Table 6.49, not unexpect-
e mean of 1,075 pg/l and the maximum figure of 2,826 ug/l for
ater samples collected in English households having lead water

ing time in unit plumbing lines, terpery
oldering. Other factors include age of g i
- surface coating (deMora and Hamso;]
~were able to show that any of a numbep:
fficiently resistant to galvanic leaching to
nost widely uvsed alternative, a 95:5 tin—apy;
included 94:6 tin—silver, 96:4 tin-—silvey
ilver solders.
each rates from simulated plumbing system
ystems with lead solder, copper piping, and: is
reported. Treweek et al. (1985) used pil
| domestic pipe materials to evaluate the i imp:
riables on releases of lead and copper frg
summed in Portland, OR, over a test iz
solder-coated copper coiling tested with chlg
tanding time of § hours, showed lead 1eacH
hen MCE of 50 ug/l, while chlorinated wate
the MCL for copper. Over time, the Pb leack
=d to a health advisory for residents to runt
 standing water Pb accumulations,
(1585) evaluated the corrosion characteristi
ouschold plumbing, using either short-term
per test cells (15 days) or mock-up plum]
three water sources differing in pH and co
acidic, most aggressive test, water at room ter
/hour with a final rate of 11 pg/l/hour rate
is same set of parameters gave an initial 1
final value of 55 pg/l/hour. Birden et al. (19
lead-soldered joints using simulated hous
multiple soldered joints and several public
gland differing in relative corrosivity. Oné
6.7 and low total hardness of 47 mg/l vers
7.8 and hardness of 110 mg/l. The lower p
leaching from 30:50 tin—lead solder of 36
> second systern.
vanic Pb leaching in domestic plumbing syste'
lead—tin soldered joints, is household plum]
ixtures include both soldered connections an
h a permissible significant Pb content {(3—8%
1984) tested lead leaching from commer
with varying details of construction in prese
der in the connecting tube assemblies. Wal
ym the Ottawa, Canada, water supply, in add_i_

ent selected household water surveys in U.S. and Cavadian
s:showed marked reductions in both standing and running water
1 Table 6.50, geographic locales with soft waters and a history of
¢ plumbing corrosion showed the highest concentrations, e.g., the
Massachusetts communities. One still saw a distinction between
and flushed water samples, with U.S. Midwest standing levels being
efold higher than flushed samples.

tion of water Pb elevations in water systems across geography
ive been reported. Table 6.51 shows the water Pb content of U.S.
ter systems at the community-based water Pb action level of 15 ug/l
mes: 1992, 1993, and more recently, from 1999 to 2000, with most
eriod 2000—2003. Overall, the 90th percentile water Pb levels are
ille early 2000s than in the early 1990s when the 1991 1.S. EPA
ule was implemented.
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TABLE 6.49 Selected Drinking Water Pb Concentrations in U.S., Engligy,

and Dutch Plumbing Systems

ab,cd

Locale

Plumbing/Sample
Conditions

Concentration (ug/l)

Mean

———

Maximum References

Seattle, WA

Standing, overnight

4.3

11.5

Herrera et 3,
(1982)

University of
Washington

Standing, overnight

39

Tolt River

Standing, overnight,
30 secend flush

Dangel (1973),
as cited in
Ohanian (193g)

Boston, MA

Composite sample

Karalekas et 3t
{1976)

Boston, MA

Standing, overnight

Running, 5-minute
flush

Worth et al,
(1987}

South Carolina

Metal pipes

Plastic pipes

Sandhu et al,
{(1977)

Morris County, N}

Composite

Benson and
Klein (1983)

England, various
water lines for
estate plumbing

Replacement Ph
piping

a. Standing,
overnight

b. Running,
5-minute flush

Copper piping

a. Standing,
overnight

b. Running,
5-minute flush

Thomas et al.
(1979}

The Netherlands

Composite
samples

Zoetman and
Haring (1978), as
cited in Ohanian
(1986)

“Adapted from Ghanian (1986), covering various reports.

Various water Pb leaching conditions.
“ULS. tap water Pb action fevel (1997) = 15 pg/l at 90th percentite community prevalence.
HHO (1993) water Pb guideline = 10 ug/.

-
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TABLE 6.51 Illustrative 1.S. City Drinking Water Pb Levels at the 90t
Percentile over Three Monitoring Periods®><

1992 90th 1993 90th 1999—20[}5
%ile %ile Monitoring
Locale g/l g/l Interval (g

Chicago, IL 20 10 7

Philadelphia, 15 322 13
PA

Washington, 18
DC

Detroit, M| 21

Minneapolis, 19
MN

St. Paul, MN 54
Portland, OR 41
Phoenix, AZ 19
Yonkers, NY 68

Syracuse, NY 40 50

Galveston, TX 6 18

Miami Beach, FL 4 27

Richmond, VA 25 16
Tacoma, WA 17 iz

*Adapted from U.5. FPA 2006).

Cities are those exceeding the EPA 1991 action level in 1392 or 7993
“Recent monitoring mainly in years 2000, 2001, 2002, 2003, except for one City in 1999—2001,
one city in 2003—-2006.

Percentages of water Pb collected through the day and lying within suc- |
cessively higher water Pb ranges have been reported in Great Britain, The ;
data are in Table 6.52. The distribution statistics totaled for all three coun-
tries—FEngland, Scotland, Wales—showed 253% of households in the :
10--50 pg! range. The highest values, 301 pg/l and above, were found for
about 1% of samples in the three countries. The data for Scotland, with its
historically very cotrosive water supply and lead-containing water collection
systems, were the main contributor to the high exceedences of Pb in drinking -
water. For example, 16% of Scottish water samples were in the range of -
101—-300 pgdl, and 5% were 301 ug/l and above.
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66.0 46.4 70.5 64.4
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; 5.2 13.4 6.5 6.0 i
18 63 22 16.0 15 3.4 ‘
0.4 5.0 0.8 0.9
21 12
100.0 100.0 100.0 100.0
19 I3 -
‘\ater Research Centre (1983, Table 1%
. draws randomly consumed,
54 11
41 8
19 1
68 18 ¢
50 25 o
18 ' 1991, FDA toral diet study: dietary intakes of jead and other chemicals. Chem.
2 Bioavailability 3, 3741,
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\Chapter 7

d Exposure in Human
ations: Lead Intakes

[RODUCTION

this part of the book present and discuss lead exposure in human
1S 'Exposure here refers to actual, not potential, contact with lead
ore environmental media by human populations. Furthermore, the
‘also refers to both intake of media lead into various receiving
sartments and subsequent uptake info the human body. Other defi-
the term exist in the lead literamre. For example, exposure is con-
fead intake into receiving body compartments and lead contact by
ing surface.
hipters comprise Part 2 of this monograph: Chapter 7 describes
kas in U.S. and other populations; Chapter 8 addresses Pb toxiceki-
il biological markers of human lead exposure; Chapter O presents
ig data reported for human lead exposures; and Chapter 10 describes
nmental epidemiology of human lead exposures.
er-7 is the toxicological interface between lead in the external envi-
d lead in the human body; that is, it connects Chapters 6 and 8.
addressed lead levels in environmental media relevant to human
Chapter 8, the internal component of the interface, deals with lead
sition in the body. The latter describes the various kinetic and metabolic
s that govern Pb entry into, distribution within, and subsequent
r excretion of internal lead burdens in exposed human populations.
et literature regarding lead did not always make clear distinctions
lead intake and lead uptake, which are two distinct processes in
ead exposures. Lead uptake deals with lead absorption into the
am from receiving body compartments. In most cases, the distinc-
en the processes of intake and uptake are physiologically and toxi-
ly clear. Ingestion or inhalation of media-specific lead into those
ective receiving body compartments occurs first, followed by absorption
nie fraction of lead in those intakes into the bloodstreamn. In the case of

and other Contaminants in the Environment, Volume 10
21 DOL 10.1016/B978-0-444-51554-4.00007-9
vier B.V. All rights reserved.




218 Lead and PUbl[C Heah

dermal contact, the distinction between the two steps is blurred singe intay,
through skin is not fully distinct from uptake. With parenteral, e.g., intry
nous, administration, the two merge into a single step.

Lead intake by inhalation occurs in two stages. First, some Tractioy o
inhaled lead is retained and deposited in various compartments of the tespi
ratory tract. The balance is exhaled. With inhalation, depositions in diffemn
parts of the respiratory tract yield different overall exposure resulis, Large
particles containing lead are deposited in the upper tract and undergg iliary
removal and are swallowed, passing into the gastrointestinal tract. The $tnak
lest particles containing lead are deposited in the pulmonary compartmen
Sites for actual lead uptake into the bloodstream and the uptake character
tics for these different sites influence uptake rates.

TABLE 7.1 IHustrative Combinations of Pb Concentrations andﬁ
Environmental Media Intake Amounts Demonstrating Equivalent Intake
Parameters®©

Daily Intake Daily Pb
Mass (g) or Intake

Media Pb

Environmental Concentration

Medium

(ppm or pg/m°)

Volume (m?, I

{ug/day)

Lead paint dust

5,000 (0.5%)

0.001 g

5

Lead paint dust

10,000 (1.0%)

0.001 g

10

25,000 (2.5%) 0.001 g 25
2,000g 5

Lead paint dust
Lead in diet 0.0025
Lead in diet 0.005 2,000g 10

Lead in diet 0.010
Lead in soil 500 0.010g 5

2,000g 20

Lead in soll 1,000 0.010g

Lead in soil : 2,000 0.010¢

Lead in tap water 0.005 1.01

Lead in tap water 0.010 1.01

Lead in tap water 0.025 1.01
3

Lead in afr 1.0 5m

Lead in air 2.0 5m’

Lead in air 5.0 5m’

“Media Pb levels for paint, soil, and tap water at or above regulatory levels.
ingested arnounts typical for young children.
Air vertilation rate = 5 m’ for young children.




Lead and p _ posure in Human Populations: Lead Intakes 219

- other substances in humans is typically indexed as daily

intakes scaled for different time frames have been
"ffer:ent settings over the years, €.g., weekly intakes (FAOQ/
Ph and other contaminants per body weight. This specifi-
ngestion, inhalation, and, in some cases, dermal application.

» ihto body compartments is the product of lead concentra-
fim and the mass (diet Pb) or volume (air Pb, water Pb) of
\adinm taken in daily. High levels of lead in an environ-
y be quite toxic when ingested in relatively modest quanti-

1 between the two steps is blurred siy
nct from uptake. With parenteral, e.g
rerge into a single step. :
occurs ip two stages. First, some Tracs;
eposited in various compartments of (i
haled. With inhalation, depositions in di
vield different overall exposure resylts
eposited in the upper tract and undey :
assing into the gastrointestinal tract. T
are deposited in the pulmonary compy
to the bloodstream and the uptake chag
Tuence uptake rates.

v hand, low concentrations of lead can be of concern when
of the lead-containing medium are ingested. The relationships
Table 7.1 where a high-lead medium such as lead paint dust
ail amounts can pose the same risk as low lead in the daily
at typical food intake levels. Table 7.1 shows that, because of
concentrations or high amounts of daily media mass intake,
Jounts of Pb can hypothetically enter receiving compartments
s of the nature of the contact medium.

nations of Pb Concentrations and Daily:.
Amounts Demonstrating Equivalent Intaka

Ph Daily Intake

ntration Mass {g) or
r ug/m’) Volume (m?, I}
).5%) 0.001 g LEAD INTAKES BY U.S. AND OTHER POPULATIONS
(1.0%) 0.00T§g aumerous tabulations of lead concentrations in environmental
(2.5%) 0.001 g 95 ered by human populations in the United States and around
2,000 s ”_J,“_E_lis chapter presents estimates for daily Pb intakes using
iformation combined with information on media-specific intake
2,000 5 10 4 takes are provided for the major media-specific routes of expo-
2,000g 20 < are available for various segments of human populations.

. of lead-containing environmental media differs across segments
0.010g 5 Lo ) . .

: ons, with given concentrations of Jead in some contact medium
0.010g 10 ifito quite different degrees of lead exposure, depending on popu-
0.010¢g 20 mdividual characteristics. For example, infants and toddlers ingest
1ol 5 Ii higher rates on some body metric basis than older children or

ts and toddlers ingest more of some particular Pb-contaminated

1.0 10 tal medium than do older individnals. A notable example is dust
1.01 23 ‘way of normal hand—mouth activity in this developmental age
e p ary lead intakes differ with age as a function of tyvpe of dietary
: requirements, etc. Groups of individuals with the same demo-
5m’ 10 haracteristic but affected by different external factors such as cli-
5m? 25 temperature will ingest different amounts of Pb-contaminated

i volumes of water.

jor determinant of lead intakes among human populations has been
od for which data were gathered. In past decades when lead levels
h higher than today in canned foods, in ambient air, in crops, and

 water at or above regulatory ievels.
ifdren.
hildren.
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in household painted surfaces, lead intake estimates WETe much highe, I
the extent possible, available data for various periods are includeg n g
chapter’s tabulated intake estimates in order to show temporal Changesg
exposures. The reason is the same as for using older data in Chapter ¢,
Pb in older subjects will reflect lead intakes from prior decades. _

Lead-containing environmental media ingestion or inhalation Tates g
presented here for ambient air, diverse human diets, drinking water, and gy,
and/or soil. Dermal contact and potential dermal uptake into the bEOOdSU'Ean
for the inorganic forms of environmental Pb encountered by honoceupatig,
populations are very low compared to the other routes of EXposure, ang g;
route is not addressed,

Various primary sources for estimating the exposure parameterg assei
ated with daily intake quantities of (lead-containing) media were used gpg
are noted. A child exposure-specific source of parameter selection for Mmedi
of interest was the U.S. EPA “Child-Specific Exposure Factors Handhgqg
(2008).

Bojy

7.2.1 Daily Human Intakes of Ambient Air Lead

Daily intakes of lead through inhalation by human or experimental popula.
tions are the product of ventilation rate and air Ph concentration, furthey
adjusted for lead deposition rates of the inhaled volumes in the respiratory
tract. The ventilation rate, i.e., total volumes of inhaled air per unit time, ty
ically 24 hours, can be determined by either direct measurement or via food-
energy intakes. The latter may also be employed to arrive at the ratiog of
total energy expenditure to basal metabolic rate (BMR).

Layton (1993) carried out a series of studies with 1.5, subjects of differ-
ent ages for long-term and short-term inhalation rates estimated via various
methodologies. Choice of methodology depended on the activity being eval.
vated. Daily long-term inhalation rates, which are the estimates most relevant.
to this chapter, were calculated from food-energy intakes. Table 7.2 presents’
the daily inhaiafion (ventilation) rates for children up to 18 years of age.
Children under 9 years of age showed no gender-specific inhalation rates,:
but those 9 years and older showed a measurable difference favoring a high-
er rate for male children. Table 7.2 shows that inhalation rates for older male’
children were highest between 15 and 18 vears, and for females, between 9:
and 11 years. For those youngest children not identified by gender, the high
est inhalation rates were calculated between the ages of 6 and 8. '

Table 7.3 depicts estimates of long-term daily deposition rates of Ph in
young children who varied in age and gender using available empirical data.-
Pb deposition rates increased with child’s age in the range 1.4—3.2 ug Pb/day.
Arcus-Arth and Blaisdell (2007) reported the statistical distributions of daily:
breathing rates for narrow age groups of infants and children.
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faces, lead intake estimates were much hifg

lable data for various pericds are includaq: _ ted Daily Long-Term Inhalation Rates for U.S. Children
¢ estimates in order to show temporal chy
the same as for using older data in Chaptg; Mean Daily inhalation
reflect lead intakes from prior decades, Duration® Rate (m®/day)
ronmental media ingestion or inhalation afe
1t air, diverse human diets, drinking water: iy
ct and potential dermal uptake into the blog 1 4.5
f environmental Pb encountered by nonoceup 2 6.8
compared to the other routes of exposure; ; 3 i
ces for estimating the exposure parameters s 3 "
1antities of (lead-containing) media were g,
ire-specific source of parameter selection for 14
EPA “Child-Specific Exposure Factors Hap

; 3 15

4 17

itakes of Ambient Air Lead ; 3
ough inhalation by human or experimental 3 12
ventilation rate and air Pb concentration:
on rates of the inhaled volumes in the resp 4 12
ie., total volumes of inhaled air per unit tim; [ayton (1993) and U.S. EPA (2008)
termined by either direct measurement or vi sonergy inteke rates from Layton (T993).
r may also be employed to arrive at the r4 t¢: dera for children =9 years of age and adus

o basal metabolic rate (BMR).

out a series of studies with U.S. subjects of
d short-term inhalation rates estimated via
“methodology depended on the activity bein
1alation rates, which are the estimates most £
ilated from food-energy intakes. Table 7.2 pré
ilation) rates for children up to 18 years of
f age showed no gender-specific inhalatiof
°r showed a measurable difference favoring &
Table 7.2 shows that inhalation rates for older
ween 15 and 18 years, and for females, betwe
ungest children not identified by gender, th
alculated between the ages of 6 and 8.
nates of long-term daily deposition rates of:}
d in age and gender using available empirical
ed with child’s age in the range 1.4-3.2 g Pby
(2007) reported the statistical distributions of:
age groups of infants and children.

4 and 7.5 present the calculated daily inhalation rates and depo-
or Pb at a time of maximum air Pb in the 1970s and then in
air Pb concentrations had essentially declined to their lowest
he:prononnced distinctions in inhaled and deposited Pb in children
time points are striking, showing a 20-fold or more decline in
rates for urban areas. Again, the air Pb declines and associated
and: deposited Pb reflected the leaded gasoline ban in the United
other industrialized nations. Daily inhaled Pb is deposited in vari-
f the respiratory tract at a rate of 30% for children and adults
A 1986, Ch. 10). Male children show a somewhat higher daily
‘tate than females. While the tables are for U.S. estimates, the
air Pb outside the United States and those that are tabulated in
would show similar results.

given in Tables 7.2—7.4 are not expressed normalized to body
or - some other somatic metric. However, the nature of the
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TABLE 7.3 Estimated Long-Term Daily Inhaled and Deposited Ph j, Us
Children of Various Ages for 1970—1974% B

Group/Age Daily Inhalation Daily Inhaled Daim
{years) {m®/day)® Pb (ug/day)® Pb (ug/day)

Chitdren

1.4

2.2

2.7

6—8 3.2

Males

9-11

1214

15-18

Females

9—11 13 13.9 4.2

12-14 12 12.8 3.8

i5—18 12 12.8 3.8

“Average of five urban ULS. arithmetic air Pb mean, 1970~ 1974, is given in Table 6.3: 1.07 gt
bAdapted from Layfon (1993) and LLS, EPA (2008). :
“Air Pb mean {ug/m’} X Daily Inhalation Rate (m°/day).

Daily inhaled Pb (ugiday} » 0.3 {deposition rate).

methodology employed by Layton (1993), involving the dependence of air
inhalation rates on food-energy intake rates, scaled total inhalation values in
a manner that reflected body mass; consequently, when one adjusts these
data for body weight, there is limited change across children’s ages.

Adult inhalation rates for males and females generally cluster arcund
20 m*/day for individuals with typical occupational activity patterns in tem:
perate climates. One can estimate the daily Pb inhalation and deposition rat
for nonoccupational inhalation Pb exposures by using this value to arrive at
values cotresponding o those in Tables 7.3 and 7.4 for children.

7.2.2 Daily Human Intakes of Dietary Lead

Dietary lead concentrations relevant to human populations are presented in
Chapter 6 and include periodic surveys from various agencies such as the
U.S. FDA. This chapter has estimates of ingested daily amounts of dietary
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Term Inhaled and Deposited Pb in U.5.

lerm Daily Inhaled and Deposited Pb i.n.' smated Daily Long
T 197019747 ious Ages for 1994°
lation Daily Inhaled — Daily Inhalation Daily Inhaled Daily Deposited
Pb (ug/day)* Rate (m*/day)” Pb (ug/day)® Pb (ug/day)®
4.8 0.23 0.07
7.3 0.34 0.10
8.9 8.3 0.42 0.13
10.7 0.50 015
15.0 0.70 0.21
16.1 0.75 0.23
18.2 0.85 0.26
13.9 4.2 13 (1.65 0.20
12.8 3.8 2 0.60 0.18
_ 12.8 3.8 12 0.60 0.18
tic air Pb mean, 1970— 13974, is given in Table 6.3 1.07 j; + Pl for LLS. sites, LS. EPA (1995), Tabile A-T0.
1.5, EPA (2008), it Layton (1993) and U.S. EPA (2008)

siation Rate (nm/day.

: & an (ug/m) % Daily Inhalation Rate (m*/day).
deposition rate). led Ph (ugiday) X 0.3 (deposition rate}.

Layton (1993), involving the dependence:
.rgy intake rates, scaled total inhalation valu
dy mass; consequently, when one adjusts
is limited change across children’s ages.
for males and females generally cluster af
vith typical occupational activity patterns in :’E_E
fimate the daily Pb inhalation and deposition ;
ion Pb exposures by using this value fo arti
se in Tables 7.3 and 7.4 for children.

_and, based on these amounts and food group Pb levels given in
§ chapter, estimates of intakes of daily dietary Pb.

exposures to lead in the diet historically comprised a major frac-
érall lead exposures in the United States and elsewhere, especially
However, in a number of instances, such as infant consumption of
raporated milk from lead-seamed cans, many children also sustained
dietary Pb exposores. Dietary lead intakes, for purposes of this
are separated from drinking beverages prepared from drinking water,
& foods cooked in tap water containing Pb.

ary components showed major reductions in Pb content over the last
ecades, and Pb intakes through the diet obviously track these
. Dietary Pb intake estimates in earlier decades were poorly
Available data, however, clearly indicate that dietary Pb intakes
the era of leaded gasoline and lead-seamed cans for foods combined

akes of Dietary Lead

; relevant to human populations are presented
jodic surveys from various agencies such as’
s estimates of ingested daily amounts of dict




TABLE 7.5 U.5. Daily Intakes of Food and Beverages During the Early
19805 ¢

—
1416 Years  25-30 Years 60—¢5 Years
Oid old Old

Food/Beverage  Child, 2 Years —_—
Group Oid Male Female Male Female Male Female

Meats/meat 133 269 182 319 194 252 17
products

Food crops 528 386 518 390 532 a7

Dairy 645 405 351 245 279 208

Canned foods 72 104 77 103 73 119 99

Canned juices 54 30 28 27 12 17

Frozen juices 65 75 53 73 66 61 72

Soda 65 315 228 85 78
Canned beer 0 17 0 318 51 116 18

Water 441 743 596 1,061 903 1,244 1,166

Total 1,502 2,685 1,959 3,086 2,178 2,700 2,267

*Adapted from ULS. EPA (1986), and using summary data of Pennington (1983},
SUnits of gfday.
““Water” category includes beverages such as tea, coffee, and powdered drinks.

—

to produce huge daily Pb intakes in diet because dietary components were
contaminated by Pb.

Analogous to the approach for ambient air, this section first addresses esti-
mates of the total amounts of diet ingested daily and components within the
total dietary profiles for various groups within the U.S. and other populations,
The increased uncertainty and variability in more generalized approaches for
quantification of Pb in foodstuffs is amplified when approaching dietary
intake amounts on a total or group-specific mass basis. For example, despite
more public interest in “healthy” foods, a high per capita comsumption rate of
“fast” foods further complicates comparisons of historical dietary Pb intakes
with those of recent years.

Food supplies of developed, industrialized countries in North America
and Burope have centralized distribution systems and one would expect that
the level of heterogeneity for lead distribution in dietary components would
vary less across smaller subdivisions of nations than, say, ambient air Ph,
dust or soil Pb, and tap water Ph. Variability and uncertainty remain
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. irst, there are sociveconomic components to diets within popu-
of Food and Beverages During the Early ' anslate to different amounts of Pb infakes and exposures.

© . oubsets are more likely 10 produce more homegrown diet
. gardens. Groups of the population who rely on subsistence
arvest caiches where aquatic lead contamination is likely or of
- oct amounts of the element significantly above mean popula-
thnic food preferences can also raise the likelihood of higher
iartain imported canned foods.
al sources of systemnic assessments of dietary intakes of food
he United States are the USDA’s NFCS and the USDA
ey of Food Intakes by Individuals (CSFIT) (U.S. Department
enre, 1990). The NFCS databases include figures for 1987/1988,
valpes are for fwo more recent periods, 19891991 and
and were used for a number of estimated intakes. The U.S. EPA

14—16 Years  25—30 Years  60-65.Ya

Old Oid
S

269 182 319 194 252

528 386 518 390 532

645 405 351 245 279

104 77 103 73 118

30 28 27 28 12 .

Lotors handbook for children (U.S. EPA, 2008) was also used.
5 % o 7.8 present estimates of daily amounts of food groups ingested
274 232 315 228 85 'S. population age groups. Values are in two forms, as daily

rson and/or dietary amounis on a body weight basis. T able 7.5
typical 2-year-old child ingests around 1 kg of various food
743 596 1061 903 1244 116 bout 440 ml of water. With age, both food and water amounts
2,685 1,959 3,086 2,178 2,700 d daily increase, peaking in the 25- to 30-year-old U.S. male at
;‘_usmg summary data of Pennington (1883} kg and in the U.S. female at 6065 years of age.
‘ shows daily amounss of food ingested by U.S. children in the
pe range of <1 year old to 19 years old. The teenaged band comprises
total daily intake group, showing 200 g more On average than
However, when intakes are adjusted to body weight, the highest intake
arly infanis and least in the 12 to 19-year-olds, a factor of about five
lie infants. Distribution of ingested daily amounts of food into food
tcgories as a function of body weight is tabulated in Table 7.7. While
aily intakes differ across ages, all children consume the same food
roportional amounts in terss of mean and 95th percentile estimates.
rodiicts rank highest across all ages in terms of daily intake while the
eoory ranks lowest. Table 7.8 presents the amounts of daily food
ske for the “homegrown” food items. The first part gives the fraction
eri copsuming homegrown foods while the remainder tabulates mean
rcentile intakes as a function of body weight.
takes of dietary Pb vary with age and gender. U.S. dietary Pb
¢ presented in Table 7.9 for the early 1980s. This period reflected
sting impact of leaded gasoline use in the nation, based on data
“in Chapter 6 for food group lead concentrations over the decades.
s and young adults consumed more Pb on a total daily intake basis
ung children or the elderly, as shown in Table 7.9. Gender differences
11.8. dietary Pb intakes are seen in the teen, young adult, and older

17 0 318 51 116

es such as tea, coffee, and powdered drinks.

ntakes in diet because dietary components

‘h for ambient air, this section first addresses el
of diet ingested daily and components within
ous groups within the U.S. and other populati
nd variability in more generalized approache
©dstuffs is amplified when approaching di
r group-specific mass basis. For example, de:
lthy” foods, a high per capita consumption rate
cates comparisons of historical dietary Pb in

oped, indusirialized countries in North Anié
d distribution systems and one would expect
or lead distribution in dietary components WO
ibdivisions of nations than, say, ambient al
 water Pb. Variability and uncertainty rem:
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(TAB}_E 7.6 U.S. Per Capita Total Diet Intakes for Children at Em
Ages™©

—
Child Age Band (years) Mean 95th Percentii,

Diet intake, g/day, as consumed

<] 1,800
1-2 1,800

3-5 1,700
6—11 1,900

12-19 2,300

Diet intake, g/kg-day, as consumed

<1

1-2 84

3-5 55
6—11 36

12-19 26

*Adapted from LS. EPA (2008) based on 1994/1 996 USDA CSFH,
intake amaunts as consumed.

“Mean/35th percentile values.
— —

b

(TABI.E 7.7 U.S. Per Capita Total Intakes (Mean/95th Percentile) of
Different Consumer Food Categories for Children of Various Ages™ ¢

Children’s Age Band (years)

Food Group <1 1-2 3-5 6—T1 12—-19

Meat 1.1/5.9 4.4110.2 4.1/9.4 2.9/6.8 2.2/4.9
Fish 0.1/0.5 0.4/1.8 0.311.7 0.3/1.4 0.2/i1

Vegetables 6.9/24.2 9.5/23.3 7.3/18.3 5.3/13.5 4.0/9.3

Grains 4.1/20.2 11.2/24.7 10,3211 7.2/15.6 4.4/9.7

Dairy T11/235 37.5/90.2 20.9/18.8 13.9/33.5 6.1/117.8

Fruits 13.2/41.2 19.3/53.9 11.0/32.7 5.4/18.0 2.8/11.0

Adapted from U.S. EPA (2008) and using USDA CSFIl 1994— 1996 data.
bekg-day food group.
“General population members, <1 to 19 years of age,

_/
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Total Diet Intakes for Children at Differer

Mean
d
1,000 1,800
1,100 1,800
1,000 1,700
1,100 1,900
1,200 2,300
imed
140 240
84 150
55 100
36 69
26 40

-

sed on 1994/1996 LUSDA CSFIL

\ Total Intakes (Mean/95th Percentile) of

| Categories for Children of Various Ages™™

rerm—

Children’s Age Band (years)

|.éad Exposure in Human Populations: Lead Intakes @

:eé’.n U.S. Consumption of Homegrown Foods from Different w
< by Children of Various Ages®™*

9% Children Consuming Mean and 95th Percentile
by Age (years) by Age (years)

1-2 3-5 6-11 12—19 1-2 3—5 611 12-19

63 65 63 5.8 8.7/61 4.1/8.9 3.6/16 1.9/83

Tuits
' 16.7 152 181 161 5.2/19.6 2.5/7.7 2.0/62 1.5/6.0

48 49 64 5.2 3,710 3.6/9.1 37714 1.7/43

ugh _'ish 14 t8 23 1.7 - - 2 8/7.1 1.5/4.7

o LIS, EPA (2008), using USDA NCFS for 19871958,

data for groups not indicated.

1-2 3-5 6—11
4.4/10.2 4.1/9.4 2.9/6.8
0.4/1.8 0.3/1.7 0.3/1.4
9.5/23.3 7.3/18.3 5.3/13.5

11.2/24.7 10.3/21.1 7.2/15.6

37.5/90.2 20.9/48.8 13.9/33.5 6.1

19.3/53.9 11.0/32.7 5.4/18.0

-

nd using USDA CSFIt 1994~ 1996 data.

1 to 19 years of age.

_/
9. Total Pb Intake (ug/day), by Age and Sex, of Food and w
in the Early 1980s* ¢
14-16 Years 25—30 Years 60—65 Years
: Child, 2 Years Old Old o
ategory  Old Male Female Male Female Male Female
3.4 7.4 4B 7.4 5.0 54 4.0
5.5 11.7 8.1 11.3 7.9 9.6 7.8
2.8 5.4 3.5 3.4 2.5 3.1 2.3
7.3 118 8.1 120 88 144 11.6
2.7 1.5 1.4 1.4 4.4 0.6 0.9
0.5 07 05 0.7 06 0.5 0.7
0.7 3.0 2.3 2.9 2.1 0.9 0.9
0.0 0.1 0.0 25 07 1.0 03
2.1 3.2 2.5 3.6 3.0 4.2 3.9
25.0 448 312 452 32.0 367 424
g/r&vag.s. EPA {1986) and using data of Pennington (1983).
egory includes coffee, tea, and powdered drinks.
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adult groups, with males ingesting more Pb. No gender difference Was g
with infants or toddlers. '

U.S. population daily diet Pb intake declines with the phase our o lea
gasoline and lead seams in food or beverage cans are evident from
national data. Chapter 6 noted Pb concentration declines in varjoy, f
groups from the 1970s to more recent years. In terms of togg] daily
intakes, a marked decline has been observed for all age and gender grg,.
Adams (1991) reported that for the relatively short period fropm 1983 ;.
1988, a period associated with reductions in leaded gasoline and lea{rseame
can use, toddlers showed about a fivefold reduction in daily intakeg g
2510 5 pg/day. A similar relative reduction was seen with adult womey &
36 to 8 ug/day.

Egan et al. (2002) reported lower daily U.S. diet Pb intakes into
1990s. The 1994—199¢ period showed daily dietary Pb intake ranges for
infants up to 11 months, (2) 2 year olds, and (3) older children or adults
0.8-5.7, 2.4-10.1, and 4-19 jg/day, respectively. For 19821984, cop
sponding figures for the above age groups were (mean): 17, 23 ,
29—41 pg/day. The 2004 U.S. FDA survey noted in Chapter 6 recordeq ¢
tually all categories of food groups for U.S. population segments a5 being
below the measurement detection limit. Consequently, any current estjmatcz
of daily diet Pb would reflect statistically projected figures with considerably:
uncertainty. Suffice it to say that today’s figures would likely be lower thy;
those noted by Egan et al. {2002) for the mid-1990s period. :

The trend of declining Pb in dietary daily intakes is readily apparent
U.S. EPA figures selected as exposure input values for dietary Pb to e
agency’s Integrated Exposure-Uptake Biokinetic Model for estimating Ph
values in children (1.8, EPA, 2009). Table 7.10 summarizes Pb intakes [;
12-month age bands in children up to 84 months of age. In infants of 12—}
months old, Pb intake declined about 65% between pre-1991 data a
1995-2003 data. Similar declines were seen in other age bands.

International daily Pb intake estimates for diet track a similar array of old-:

adjusted to body weight were the lowest, 3.1 ug
week and 0.4 pg/day, respectively. Poland ranked highest, at 28 pg/wee
(4 pg/day). Corresponding figures for adults are presented in Table 7.12
India, Italy, and Cuba showed the highest diet Pb intakes on the basis of body
weight, with the United States showing mean data (rounding) of <0.02. _
Some subsets of human populations have relatively limited dietary Pb-
sources. Nursing infants, for example, will ingest any Pb passing into breast'.
milk from the musing mother while bottle-fed infants can consume any tap
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- ingesting more Pb. No gender differsie

intake (pg/day) by Child Age Band Based on Various
' b~

diet Pb intake declines with the phase ot f Dietary P
s in food or beverage cans are evidey Diet Pb Intake
» noted Pb concentration declines in v, 19911999 TDS Data 1995-2003 Data
to more recent years. In terms of tofy
e has been observed for all age and gends 3.2 23
that for the relatively short period frg 2.6 20
| with reductions in leaded gasoline and Jay 29 2.1
d about a fivefold reduction in daily i
- relative reduction was seen with adult w 2.7 2.0

: 2.6 2.0
eported lower daily U.S. diet Pb intakes s 91
eriod showed daily dietary Pb intake tailg : :
(2) 2 year olds, and (3) older children or 7.0 3.0 22
L g/day, respectively. For 1982%198 PA 1094) madel manual diet Pb estimates for 1280s.
e above age groups were (mean): 17, DA Total Diet Study estimates: 1991— 1999 and 1995—2003.

U.S. FDA survey noted in Chapter 6 record
ood groups for U.S. population segment
letection limit. Consequently, any current as
flect statistically projected figures with COM§H
say that today’s figures would likely be lo

. (2002) for the mid-1990s period.
g Pb in dietary daily intakes is readily app 3

84 months. J

Daily Pb Intakes in Child Population for Various Countries w
thie UNEP/GEMS Program® ™

»d as exposure input values for dietary P Total Weekly Pb Intake Total Daily Pb Intake
ssure-Uptake Biokinetic Model for estimatis (ug/kg body weight) (ug/kg body weight)
EPA, 2009). Table 7.10 summarizes Pb inta 4.0
lildren up to 84 months of age. In infants of 12 277
declined about 65% between pre-1991 da 269 3-8
declines were seen in other age bands, 258 37
intake estimates for diet track a similar array’ 25
2d States and were summarized for the 19 17:6
able 7.11 summarizes the international picﬁ_n: 15.1 22
hildren on the basis of body weight for nir_fe 126 1.8
locales and demographic profiles. The U.S.. 17
adjusted to body weight were the lowest;: ‘.8
spectively. Poland ranked highest, at 28 g/ 7.3 1.0
> figures for adults are presented in Table 3.1 0.4

wed the highest diet Pb intakes on the basis o
ates showing mean data (rounding) of <0.02
an populations have relatively limited dietar;
for example, will ingest any Pb passing into b
ther while bottle-fed infants can consume anv

and estimated from values in Galal-Gorchev (1991) to daily infakes.
andolder children up to age 12, 1980—1988.
dly weight.
fication figures for Federal Republic of Germany.
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TABLE 7.12 Daily Pb Intakes in Adult Population for Various Cgy,

ntries
Surveyed in the UNEP/GEMS Program®~*

Total Weekly Pb intake Total m
Country {ug/kg body weight) (ng/kg body weigh

India 60.0 8.6

Italy 59.3 8.5
Cuba 63.3 5.0

Germany® 26.7 3.8

France 19.6 2.8
Poland 18.3 2.6
Japan 9.8 1.4
United Kingdom 7.2 1.0

Canada 5.7 0.8

Swaeden 2.6 0.4

United States 0.02 0.0°

“Adapted and estimated from values in Galal-Gorchey (1981) for weekly intakes.
PAdults for the period 1950—1988.
“tgrkg body weight.
Pre-reunification figures for the Federal Republic of Germany.
“Rounding.

water Pb in formula mixtures. Tt is not now possible to provide an accurat
estimate of daily Pb intakes by nursing. Earlier literature indicated such Pl
exposures for infants might be of some significance, but analytical mett
sensitivity and persisting sample lead contamination have been problematic
More recent and comparatively more reliable measurement daia reported by
Gulson et al. (2003) suggest a daily intake figure for this pathway of aboui
0.8 pg/day. The corresponding formula-based Pb intake is on the order of
-2 pg/day. :

The marked decline in dietary Pb daily intakes from the 1970s to the
present has produced a marked shift downward in the relative fractional con-
tribution of diet Pb to total daily Pb intakes. For example, Bolger et a,
(1991} estimated that the percentage contribution to total Pb intake in 2 year
olds attributable to their diet declined from 47% in 1986 to 16% in 1990,
This threefold decline occurred with major declines in leaded gasoline and
lead-seamed food can use but relatively little decline in other major Pb path-
ways for children, e.g., soil Pb.
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akes in Adult Population for Various Cotin mated Direct Daily and lndlrect Total Water Intakes by
JEMS Program®™* ‘the U.S. Population®
otal Weekly Pb Intake Total Daily p Daily Water Intake (ml/day)
ng/kg body weight) =/ : )
& (hg/kg body Mean _ 90th Percentile 95th Percentile

0.0 8.6

927 2,016 2,544
9.3 3.5

161 591 1,036
3.3 9.0

128 343 1,007
6.7 3.8

16 - -
9.6 2.8
1,232 2,341 2,908
8.3 2.6 -
SDA CSFI (1998) and ULS. EPA, 2008,
9.8 1.4 ter consumed directly; indirect mrakes = water used in food preparation.
ricapsecutive days of reporting, N = 15,303
7.2 1.0 & popiation. Y.
5.7 0.8
2.6 0.4 B . g
Human I[ntakes of Drinking Water Lead

0.02 0.08 :
| and other surveys of drinking water consumption rates differ

epending on what subdivisions of total fluid volume intakes
the various totals being reported. Some deal solely with daily
ntake volumes while others include water quantities consumed
volumes used in daily food preparation. Sill other surveys
“water or water volumes used for beverages as well as tap
s or include just community water sources in the intake tallies.
abulations presented in this section note that these qualifications

fues in Galal-Gorehev (1997) for weekly intakes.
28,

Federal Republfic of Germany.,

ures. It is not now possible to provide an:
es by nursing. Earlier literature indicated:su
ht be of some significance, but analytical
sample lead contamination have been proh
tively more reliable measurement data report
est a daily intake figure for this pathway
wling formula-based Pb intake is on the:

jon volumes differ across age and gender in human populations,
s such as climate, physical exertion, and body mass. It should
etheless, that it is the variability of Pb content that is the larger
tiibuting to both variability and uncertainty compared to quan-
er drunk daily. For example, levels of Pb in drinking water, espe-
es. with lead-soldered plumbing or lead service lines, can vary
£ magnitude or even more, while the range of imbibed water
be considerably less.
tabulates estimates of total (direct and indirect) water intakes
n of water source for all ages in the U.S. population as provided
done by the U.S. EPA (2008) and the USDA CSFII (1998) survey
The daily intake mean volumes for community, bottled waier,
es,-and unknown sources are 927, 161, 128, and 16 ml, respec-
oducing a total of 1,232 ml. The corresponding 90th and 95th

1 dietary Pb daily intakes from the 1970
wrked shift downward in the relative fractiol
tal daily Pb intakes. For example, Bolge
sercentage confribution to total Pb intake in .
fiet declined from 47% in 1986 to 16% i
urred with major declines in leaded gasol
but relatively little decline in other major. Pb
1 Pb.




(TABLE 7.14 Estimated Daily Direct and Indirect cOmmunm
Intakes by Children’s Age Category®—*

Age Band (years)  Sample N Mean  90th Percentile 95tk Percenyl, J§

Intake {ml/day) i
0.5-0.9 1,101

1-3 942
46 1,165
7—10 i 1,219
15-19 2,062

intake (ml/kg-day)

0.5-0.9 45 122

1-3 23 51 67

4-6 21 44 64
7-10 15 32 39

15—-19 816 iz 25 32

Adapted from U.S. EPA (2008) and data from USDA-CSF (1998).

Direct intakes = water consumed direct y from the tap; indirect intakes = water used in food
preparation.
“Based on two nonconsecutive days of sampling.

Sample size varies with age band,
“Reported as total daily intake/person or daily intake per kg body weight.

—

percentile vahies are 2,016 and 2,544 ml for community water and 591 ané
1,036 ml for bottled water. The table shows that convnunity water supplies,
provided in large measure by public water treatment facilities, constitute the:
main source of the typical U.S. resident having public supply access. In:
terms of mean allocation of water volume intakes as a function of water
sources, community supplies comprise about 75% of total water daily intake; |
For the 95th percentile of source-based water intakes, the corresponding:
figure is 87%.

Table 7.14 presents daily water intake estimates as a function of age:
within the childhood group, calculated both as total volumes per day and as
a function of body weight. The source of water in these estimates is the com
munity water system in the survey communities. Five age bands for children
along with their respective daily water intake volumes, are given in terms 0
total daily intakes or daily intakes on the basis of body weight. Total water
intakes are highest in children of 1519 years of age, 760 ml, and least for
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aily Intake Rates for Women of Childbearing Age

yirect and Indirect Community Water-'; ap Water D

tegory™™ "
Mean  90th Percentile  95th Percy Mean 90th Percentile 95th Percentile
<on (ml/day)
412 854 1101 = 1,157 1,983 2,310
313 691 942 1,182 2,191 2,424
420 917 1,165 1,310 1,845 2,191
453 978 1,219 erson (mi/kg-day)
760 1,610 2,062 : 19.1 33.1 39.1
16.3 34.5 396
45 103 122 21.4 35.1 37.4

S EPA (2008).

23 51 67 U
raction of daily fluid intake: control, 57.2%; pregnant, 54.1%; lactating, 57.0%.

21 44 64

15 32 39

aars of age. However, on the basis of body weight, the values
aversed. Similar relative rankings were found at the 90th and

12 25 32

e

data from USDA-CSFH (1998). i
irectly from the tap; indirect intakes = water used in fodi

915 presents water volume intakes among women of childbearing
gnant: women, and those who are lactating. Such intake estimates |
measure of potential lead exposure risks to the fetus and the new- ‘i
he concentrations of Pb in these water sources are known. In

al water daily consumption, the volumes are gimilar in all three
or mean (1,157—1,310 ml/day) or higher percentile consumption

 of sarmpling.

1 or daily intake per kg body weight.

and 2,544 ml for community water and 59
The table shows thai community water siy]
yy public water treatment facilities, constity
17.S. resident having public supply acce;
f water volume intakes as a function of
s comprise about 75% of total water daily:
 source-based watexr intakes, the corresp

bal figure for daily drinking waser Ph intake reported from the |
“ood/UNEP program by Galal-Gorchev (1991) is 40 pgiday. This |
bhased on an international consumption volume across age groups, '-
id nationalities of 2,000 ml and a global average water concentra- |
62 pg/ml or 20 pg Pb/] water. Daily tap water Pb consumption rates 3
d with time in U.S. populations of varying age. For the early

or to controls on lead content of plurnbing materials and plumbing

bamning use of 50-50 lead—tin solder), total water Pb intakes

ages were 2.1 pg/day, 2-year-olds; 3.2 and 2.5 pgfday, 14- to

males and females, respectively; 3.6 and 3.0 ug/day, 25- to

d males and females, respectively; 4.2 and 3.9 ng/day, 60- to 65-

ales and females, respectively.

mités of daily water Pb intakes can be readily calculated for more

with data for water Pb levels for typical communities {U.S.

ily water intake estimates as a function of
, calculated both as total volumes per day af
The source of water in these estimates is th
survey communities. Five age bands for chil
daily water intake volumes, are given in teill
intakes on the basis of body weight. Tot
ren of 15—19 years of age, 700 ml, and led
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EPA, 2006) in combination with daily consunption volumes recordeg i
tables presented in this chapter (Table 7.14). Table 7.16 tabulates estimayeg
daily water Pb intakes for indicated communities and residents of differey;
ages in those communities. The cities indicated in the table were recorge d
with exceedances of the current drinking water lead action leve] gt the tap, ;
level of 15 g/l at the 90th percentile of distributions in SULVey resulss gy,
these communities. These cities, therefore, represent more of a WOTSt cgs
scenario for U.S. urban community water supplies. '

Table 7.16 presents data for two tap water surveys, in 1993 and SOme-.
more recent survey results over the years 2001—2003 depending on the indis
vidual city. Older children 15—-19 years old show the highest tap water Je,
intakes for both the 1993 and the more recent surveys, since they consumg:
the highest volume of tap water among the given childhood age bandg
(0.76 I). Of the city tap water Pb levels recorded for 1993, Philadelphia, py
had the highest intakes across the board, and was the highest among the.
18 cities surveyed with action level exceedances. In Philadetphia, children o
15—19 years old experienced significant potential lead exposures from tap
water, depending on household practices such as flushing or not flushing
standing water from household phimbing, By contrast, during 2001205
this city’s tap water Pb values were significantly lower and, consequenily
children residing in this community had relatively lower intakes,

The tap water intakes for those 18 cities with action level exceedance
for 20012003 were, overall, considerably below what they were in 1993
These reductions reflected a variety of water treatment and other reduction.
strategies implemented post-1993. Nonetheless, some communities, such as
Washington, DC, still have the potential for tap water Pb exposures,

7.2.4 Daily Human Intakes of Soil Lead

Soil Pb intakes by segments of various populations can pose significant .
potential risks of exposures. However, the nature of soil Pb EXPOsUres are
such that they present higher risks to sensitive groups such as voung children
than they do for adults. The reason for this is simply that the young child
orally explores his/her physical environment and typically engages in various -
hand-to-mouth activities that include ingestion of varying amounts of sl
Older literature labeled all such normal hand-to-mouth activity as a “pic
behavior but that label is now reserved for “excessive” ingestion of nonfead
materials. However, no clear clinical definition of, or criteria for, this behav-
lor exists. Some literature has defined the behavior in statistical terms, €.
some upper percentile of a distribution of observed daily ingestion rates
within some study population. For discussing the broad topic of soil inges-
tion through normal child activity, it is probably best to dispense with the
term and confine it to extreme intakes, €.g., gram quantities,
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TABLE 7.16 Fstimated Mean Daily Tap Water Pb Intakes for Children in the
Time Periods and Child Ages®~9—(cont.)

indicated U.S. Communities for the Indicated

Period
1993 2007—-2003
0.5-0.9 1-3 4-6 7-10 i5-19 0.5-0.9 1-3 4—6 7-10 15—19
Community Years Years Years Years Years Years Years Years Years Years
Richmond, VA 7 5 7 7 12 2 1 2 2 3
St Paul, MN 22 17 23 24 41 G 0 0 0 1
Syracuse, NY 21 16 21 23 38 10 8 11 11 19
Tacorna, WA i3 10 13 14 24 5 4 5 5 9
Yonkers, NY 28 21 29 31 52 7 6 8 8 14
Washington, DC 7 6 8 8 14 26 20 26 28 48

*Communities noted in U.5. EPA 2006: Table 3.71} as exce
P80th percentile Pb levels (ug/l for 1993 and most recent m
“Volumes of water consumed at differem
IMethods for tap water testing referenced

ages by children as
in U.5. EPA (2006).

eding EPA Pb action levels.
onitoring periods: 2001—2003.
given in Table 7.13. Excludes botifed water and minor categories.

*H 31igny puUE pea]
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14
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Judes bottled water and minor categories.

—2003.

action levels.,

mast recent moniloring periods: 2001

o
d at differont ages by childron as given in Table 7.13. Fxc

sting referenced in U5, EPA (2006).

ume

a-gmmunities noted in U.S. EPA (2006: Table 3.11) as exceeding EPA Fh

"90th percentile Pb fevels (ug/l) for 1993 an

“Volumes of water consi

=

Methods for tap water te:
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'térs determine daily soil Pb intake, much the same way they
nviropmental media. They are the soil Pb concentration and
ounts of soil ingested. Daily ingested amounts of soils vary in
e range of variation is dwarfed by the huge range of soil Pb
the children may encounter. The latter reflect all of the con-
stories of specific soils encountered by children, including path-
ftamination such as atmospheric Pb fallout onto vard soils,
chalking of exterjor lead paints onto adjacent soils, and Pb-
tors runoff onto adjacent oils. While ingested amounts across
- o carly childnood through adulthood will typically lie within
gnitude, 20—200 mg, Ph concentrations can range from back-
aminated levels in the range of 20—50 ppm ot so to seriously
ot 50ils having lead content at percentage levels.
‘of soil Pb exposures in human Pb foxicity is of more concers
Tdren and has prompted various studies of daily ingestion rates
aining Pb or other contaminants. Ethical considerations preclude
“ad soils to children so typical methods in the relevant literature
ng 4dnlt healthy volunteers oOF doing excretion studies for soil Pb
wormal play activities. Both these approaches require elemental
which are ingested by children along with various soils but are
ave virtnally no absorption themselves. Typical studies among
“hes are by Binder et al. (1986), Calabrese and Stanek (1995),
t al. (1989), Calabrese et al. (1991), Calabrese et al. (1997),
Al (1987), Davis et al. (1990), Stanek and Calabrese (1995a,b),
fijnen et al. (1990).
7 provides summary information derived from the above
that the range of intake amounts of soil not only varies across
‘yeports but also within studies for different tracers used fo
ake-excretion balances. Mean daily ingestion values across stud-
slone ranged from 66 to 271 mg/day, with the upper percentiles
00 mg/day. Stanek and Calabrese (1995a,b) saw variation with
y ingestion rates by children in the studies showing a range of
day based on four different geochemical tracers. Some of the
., those of Calabrese et al. (1989), Calabrese et al. (1997), and
(1990, reported intake data for dust and soil combined.
dies cited above typically reported intakes over limited single
1 time, leaving open the question of stability of the results. Stanek
rese (1995a) extended the utility of these studies by carrying out
distributions of individual mean daily soil intake rates projected
ays. The median value for this estimating exercise was 75 mg/day,
Oth and 95th percentiles of daily ingestion were 1,190 and
ng/day, respectively. The range was 12,268 mg/day.
iidies of daily soil ingestion actually precisely differentiated soil
r interior or exterior dusts. Children ingest dusts in sufficient




/TABLE 7.17 Soil Lead Intake Rates for Children Reported in Indicated Tracer Studies®™<

Upper Percentile (mg/day)
Si Ti References

Mean

Al i AIRY

578 Binder et al. (1986)

Clausing et al. {1987)

Davis et al. (1990)

Davis et al. (1990

223 1,432 Calabrese et al, (1989)

478°
254

1,059° Calabrese et al. {1989)

279 Stanek and Calabrese (1995a)

217 Stanek and Calabrese {1995a)

Van Wijnen et al. (1990)

280f Calabrese et al. {1997)

994

66

196° Calabrese ¢t al. (1997}

*Adapted from U.5. EPA (2008) and data contained in the indicated studics.
5Unper percentile” as indicated in the included studies.

“Means and upper percentiles = soil ar soil and dust combined.
“Acid-insoluble residue.

[Dus&soff combined,

"3 11y pue pea

4

fBest tracer method.
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82

39

Davis et al. (1990}

268

160°

Calabrese et al. (1989

a5 223 276 1,432 106
653°

218

alabrese et al. (1989)

C

159¢

1,059%

65° 478°

1707

4g3°

154°

alabrese {1995a)

Stanek and C

165 254 224 279 114

271

139

122

Sanek and Calabrese (1 995a)

217"

van Wijnen et al, (1990)

69120

66

Calabrese et al. (1997}

280"

Lead and Publi¢

Calabrese et al. {1997}

994

196°

ontained in the indicated studies.

[uded studies.
= soil or soil and dust combined.

EPA (2008) and data ¢

orcentile” as indicated in the inc

bug ipper p
“Means an

i
>
g
S
&=
B
2
[=N

“Aday

d upper percentiles
solubie residue. .
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8-. Estimated Daily Intakes of Dust (mg/day) by Young
Median (50th 90th 95th
percentile) Percentile Percentile Mean  Maximum
-6 200 353 17 584
27 559 614 127 1,499
a8 356 410 83 1,685
brese et al. (1997).
Trice Elements” method for 64 children in Anaconda, MT.
it 4, best tracer, and 2nd best tracer.
./

specially interior dusts, that this pathway is considered a major
4 Pb exposure (Lanphear et al., 1998). Calabrese et al. (1997)
y dust ingestion rates in young children using a combination of
“hoted as “Best Tracer Method.” Results are presented in
he median daily dust ingestion rate using “best tracer” was
with the corresponding mean, maximum, 90th and 95th percen-
cing 127, 1,499, 559, and 644 mg/day, respectively. Overall, it
amounis of dust ingested daily by children rival quantities of
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